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ABSTRACT 


Finding  overall  system  effectiveness  from  a  multicriteTion 
environment  using  SAM  weapon  systems  as  an  example,  is  the 
purpose  of  this  thesis.  SAM  weapon  systems  were  rated  by  four 
groups  of  experienced  individuals,  and  judged  overall  system 
effectiveness  for  each  system  was  calculated  using  the  Con¬ 
stant  Sum  Scaling  Method.  Multiple  regression  analysis  was 
then  used  to  establish  a  functional  relationship  between  over¬ 
all  system  effectiveness  and  weapon  characteristics  (including 
missile  price).  It  was  concluded  that  there  were  no  signifi¬ 
cant  differences  among  the  judged  results  in  the  four  groups, 
nor  between  judged  and  functional  overall  system  effectiveness. 
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I.  INTRODUCTION 


A  measure  of  effectiveness  (MOE)  is  a  correlate,  an  esti¬ 
mator,  or  a  predictor  of  true  value.  It  is  used  to  find  out 
how  well  an  existing  system  works,  or  to  find  out  what  an 
existing  system  is  worth  compared  to  other  similar  systems. 

A  MOE  can  be  used  to  make  an  existing  system  work  better,  or 
to  design,  select,  and  prepare  to  operate  future  systems  so 
that  they  will  achieve  a  higher  performance.  A  MOE  should  be 
operational,  measurable,  analytically  tractable,  and  able  to 
support  decision  making  [1] . 

The  MOE  of  a  weapon  system  is  an  important,  if  not  one  of 
the  most  important  aspects  of  military  planning.  ’’Which 
system  is  most  effective?”.,  "how  much  better  is  one  weapon 
system  than  another  among  similar  systems?",  "what  effect 
will  a  change  in  a  major  characteristic  of  the  system  have  on 
the  overall  MOE  of  the  system?”,  are  questions  that  have  to 
be  answered  before  any  final  decision  can  be  taken  about 
which  weapon  system  to  buy. 

In  this  paper  Surface  to  Air  Missile  (SAM)  weapon  systems 
are  chosen  to  illustrate  one  methodology  used  to  answer  such 
questions.  A  structured  relationship  between  MOE's  obtained 
from  military  experts'  judgments,  and  major  system  charac¬ 
teristics  will  be  developed,  so  that  experts'  judgments  will 
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not  necessarily  be  required  when  the  performance  of  similar 
systems  are  to  be  assessed  in  the  future. 

Chapter  II  will  give  the  research  approach  (and  what's 
unusual  about  it).  Chapter  III  will  cover  ;he  concept  and 
the  general  experimental  procedure.  The  chapter  will  discuss 
the  choice  of  the  major  SAM  characteristics,  and  how  necessary 
data  was  collected.  Selection  and  grouping  of  judges  will 
;1'0  be  outlined.  The  content  of  Chapter  IV  is  an  introduc¬ 
tion  to  the  Constant  Sum  Scaling  Method,  and  the  use  of  the 
method  to  compute  the  overall  system  effectiveness  for  each 
weapon  system,  within  each  selected  group  of  judges. 

\  functional  relationship  between  the  system  effective¬ 
ness  aid  the  system  characteristics  will  then  be  established 
in  Chapter  V  using  multiple  linear  and  nonlinear  regression 
analysis.  Major  conclusions,  observations,  and  recommenda¬ 
tions  will  be  given  in  the  final  chapter. 
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II.  RESEARCH  APPROACH 


An  MOE  is  normally  used  together  with  a  concept  or  model 
of  a  system  of  operations  (characteristics  for  SAM  weapon 
systems  in  this  study).  Combining  individual  MQE’s  for  each 
operation  (characteristic)  into  an  overall  system  effective¬ 
ness  is  not  a  trivial  problem.  The  usual  approach  is  to  find 
some  linear  or  nonlinear  combination  of  the  individual  MOE’s 
that  will  give  an  overall  MOE  for  the  entire  system  of  opera¬ 
tions.  The  equation  obtained  from  the  best  combination  will 
give  an  estimate  of  the  overall  system  effectiveness.  There 
is  however  no  way  the  obtained  estimator  can  be  tested  because 
the  true  overall  system  effectiveness  is  indeed  unknown. 

A  different  approach,  that  attempts  to  find  an  equation 

that 

(i)  tends  to  reflect  that  way  decision  makers  are 
thinking,  and 

(ii)  can  be  tested, 

is  the  main  purpose  of  this  paper.  In  Chapter  IV  an  overall 
judged  system  effectiveness  value  will  be  established  for 
each  of  seven  SAM  systems,  independently  of  any  linear  or 
nonlinear  combination  of  individual  MOE’s.  Then  in  Chapter 
V,  these  judged  overall  system  effectiveness  values  will  be 
compared  with  least-squared  error  models  of  the  individual 
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MOE’s  (characteristics).  The  difference  between  the  two 

independently  obtained  overall  system  effectivenesses  is  then 

*  2 

reflected  in  the  least-squared  error  (SE  =  (S  -  S)  ) ,  which 
is  a  good  measure  of  the  accuracy  of  the  candidate  model. 

A  methodology  has  thus  been  established  that  allows  testing 
of  the  overall  system  effectiveness  models.  This  area  of 
analysis  is  found  under  various  titles,  but  is  most  often 
referred  to  as  Policy  Capturing  [2] .  For  the  purpose  of  this 
paper,  judgement  modeling  will  probably  be  a  more  consistent 
terminology. 

It  must  be  emphasized  that  this  paper-  will  estimate  the 
overall  system  effectiveness  of  SAM  weapon  systems  by  measur¬ 
ing  and  judging  only  selected  operational  characteristics 
and  missile  prices.  Other  elements  of  combat  that  are  of 
equal  or  greater  importance  will  not  be  reflected  in  this 
research.  It  should  thus  be  recognized  that  the  applied 
methodology  has  substantial  limitations. 
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III.  EXPERIMENTAL  DESIGN 


This  chapter  describes  the  general  concept  of  a  func¬ 
tional  relationship  between  independent  and  dependent 
variables,  or  in  other  words,  between  individual  weapon 
system  characteristics  (MOE's)  and  judged  overall  system 
effectiveness,  respectively.  Another  purpose  of  the  chap¬ 
ter  is  to  demonstrate  how  data  was  collected,  and  further 
to  discuss  selection  of  weapon  systems  and  characteristics, 
using  SAM  weapon  systems  as  example. 

A.  CONCEPT 

One  problem  to  be  solved  in  this  paper  is  how  to  find  a 
function  that  can  estimate  one  set  of  dependent  data  (over¬ 
all  system  effectiveness)  from  another  independent  set  of 
data  (system  characteristics) .  This  concept  is  notationally 
expressed  in  Figure  1,  or  ir  expressed  in  matrix  notation 
as : 

i  -  <&  •  s*  •  —  •  s.)  • 
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Figure  1 

Functional  Relationship  [3:  p.  S3] 


The  above  model  (relationship)  has  n.  systems  or  in¬ 
stances,  and  thus  n  overall  system  effectivenesses  have  to 
be  estimated.  Mathematically  each  estimated  value  would 
then  be  noted: 


F  (X 


il 


Xi2’ 


.  Xu);  i  ■  1.2.  — ,n.  (2) 


B.  GENERAL  OUTLINE 

Figure  2  illustrates  how  the  experimental  procedure  is 
divided  into  three  separate  sections.  A  detailed  dis¬ 
cussion  of  Section  I  will  be  covered  in  this  general  outline, 
while  Sections  II  and  III  (scaling  to  determine  overall  sys¬ 
tem  effectiveness  and  determination  of  the  functional  rela¬ 
tionship  between  overall  system  effectiveness  and  system 
characteristics)  will  be  discussed  in  Chapters  IV  and  V 
respectively. 
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1 .  Selection  of  a  Weapon  System  and  Its  Major 
Characteristics 

SAM  weapon  systems  were  chosen  to  illustrate  the 
methodology  of  finding  overall  system  effectiveness  of 
weapon  systems.  In  order  tc  avoid  using  classified  data, 
and  further  to  avoid  judges  having  certain  preferences  to 
well-known  systems  that  unconsciously  could  change  their 
judging,  seven  fictitious  SAM  weapon  systems  (A  -  G)  were 
designed.  Real-life  systems  were  thoroughly  studies  to 
make  the  designed  systems  as  realistic  as  possible.  The 
primary  operational  mission  was  chosen  to  be  point-to- 
point  defense  with  area  defense  as  a  secondary  mission. 
Selection  of  weapon  system  characteristics  proved  to  be 
more  complex  than  imagined.  There  are  of  course,  a  large 
variety  of  characteristics  that  affect  the  effectiveness  of 
a  weapon  system.  The  fact  however  that  some  characteris¬ 
tics  differ  very  little  among  different  systems  made  the 
choice  a  little  easier.  These  characteristics  could  be 
excluded  because  they  would  not  make  any  significant 
changes  in  the  analysis.  Finally,  the  following  four  SAM 
weapon  system  characteristics  were  selected  together  with 
missile  price : 

X^  :  kill  probability  of  a  single  shot 

X7  :  reaction  time  (seconds  from  detection  to  missile 
L  launch) 

X^  :  max  effective  range  (in  km) 
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:  average  missile  speed  (in  mach) 

X5  :  missile  price  (in  10,000  of  dollars). 

The  operational  aspects  together  with  the  purchase 
price  of  new  missiles  were  considered  as  the  most  important 
semblance  to  this  study,  and  were  thus  the  main  reason 
for  the  choice  of  the  above  characteristics.  Other  charac¬ 
teristics  like  mobility,  missile  guidance,  and  system 
maintainability  are  all  important  characteristics,  but  were 
considered  less  operationally  significant.  In  addition,  it 
would  be  difficult  to  obtain  useful  numerical  values  for 
each  of  them  due  to  lack  of  standard  measurements.  The 
characteristic  values  describing  the  seven  fictic  SAM 
weapon  system  are  shown  in  Table  1. 

2.  Selection  of  Scaling  Method 

Many  scaling  methods  could  be  used  to  obtain  system 
effectiveness  by  judges  using  data  from  Table  1.  Numerical 
evaluation,  ordinal,  categorial  judgement,  or  the  Constant 
Sum  Scaling  Method  could  all  be  used.  In  this  study  it  is 
however  a  question  about  judging  how  much  better  one  system 
is  than  another.  A  ratio  scale  that  can  be  used  directly 
for  comparison  of  the  two  systems  is  thus  necessary.  Judg¬ 
ments  are  further  required  on  a  rather  high-level  scale  so 
only  modest  computational  efforts  (not  time  consuming)  are 
needed.  The  number  of  systems  to  be  compared  is  also  rather 
moderate.  Among  those  scaling  methods  available  the  Constant 
Sum  Scaling  Method  seems  to  be  one  that  fits  the  purpose  of 
this  study. 
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3 .  Selection  of  Judges 

There  appears  to  be  no  rule  or  standard  for  desig¬ 
nating  individuals  as  "experts".  Officers  with  a  good 
theoretical  and  practical  background  on  SAM  weapon  systems 
proved  to  be  hard  to  find..  The  chosen  approach  was  there¬ 
fore  primarily  to  use  the  resources  already  available  at  the 
Naval  Postgraduate  School  (NPS)  in  form  of  its  officer 
students.  A  questionnaire  was  sent  out  to  every  Navy  line 
officer  with  experience  from  surface-ships,  and  to  every 
naval  aviator.  A  total  of  4S0  questionnaires  were  distri¬ 
buted  at  NPS  and  112  were  completed  and  returned.  Of  those, 
51  were  from  line  officers  with  experience  from  SAM  weapon 
system.  Later  in  the  study  these  51  responses  will  be 
referred  to  as  Group  2.  An  additional  13  questionnaires 
were  received  from  officer  students  having  exceptionally  good 
theoretical  and  practical  background  (Army,  Air  Force,  or 
Naval  officers  with  air  defense  (AD)  billets,  or  with  AD 
department  head  experience) .  Ten  questionnaires  were  also 
completed  and  returned  from  the  US  Array  Air  Defense  School 
at  Fort  Bliss,  Texas,  and  15  were  received  from  the  Royal 
Norwegian  Air  Defense  Academy.  All  together  this  makes  an 
additional  group  later  referred  to  as  Group  3,  with  38  indi¬ 
vidual  answers,  considered  to  be  the  real  experts'  judgments. 
By  combining  all  the  obtained  data,  a  fourth  group  with  137 
completed  questionnaires  was  established. 


Having  grouped  the  answers  the  above  way,  a  wide 
variety  of  analytical  judgments  are  covered.  It  was  anti¬ 
cipated  that  Group  1,  the  naval  line  officers,  would  pro¬ 
bably  consider  primarily  the  defensive  aspect  of  the  missile 
systems,  and  Group  2,  the  naval  aviators,  would  equally 
probably  consider  primarily  the  offensive  aspect.  Group  3 
would  hopefully,  being  at  a  high  level  of  experience, 
judge  both  the  defensive  and  the  offensive  aspects. 

4 .  Preparing  the  Questionnaire 

Questionnaires  employing  the  Constant  Sum  Scaling 
Method  tent  to  be  lengthy  because  n  x  (n  -  l)/2  judgments 
have  to  be  made  (n  being  number  of  instances)  [4] .  In  this 
study  21  pairs  have  to  be  judged.  This  requires  a  quick, 
easy  and  accurate  method  to  compare  two  SAM  weapon  systems 
by  their  characteristics,  and  judge  how  much  better  one  is 
than  the  other.  Within  each  of  the  21  pairs,  the  judges 
will  be  asked  to  make  ratio  scale  judgments  by  splitting 
100  points  in  term  of  the  relative  overall  effectiveness  of 
the  two  SAM  weapon  systems.  For  example:  A  80  B  20  if 
the  judge  considers  system  A  has  four  times  the  overall 
system  effectiveness  as  system  B,  or:  A  5_0  B  50  if  the 
judge  considers  system  A  to  be  equally  effective  to  system 
B.  The  questionnaire  is  displayed  in  Appendix  A. 

So  far  in  this  paper,  seven  SAM  weapon  systems  with 
five  characteristic  values  have  been  chosen  as  a  data  base. 
A  scaling  method  has  been  selected,  and  a  population  of 
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judges  identified.  Questionnaires  have  been  sent,  and 
answers  have  been  collected.  The  next  chapter  will  evaluate 
the  information  obtained  from  the  judges,  and  establish 
the  judged  overall  system  effectiveness  values  for  each 
weapon  system  within  each  of  the  four  groups,  using  the 
Constant  Sum  Scaling  Method. 


IV.  COMPUTATION  OF  SYSTEM  EFFECTIVENESS 


Having  collected  all  necessary  data,  the  next  step  is  to 
compute  the  overall  systom  effectiveness,  and  to  compare  the 
results  obtained  within  each  of  the  four  groups. 

A.  CALCULATION  OF  THE  OVERALL  SYSTEM  EFFECTIVENESS  FOR 
EACH  WEAPON  SYSTEM  WITHIN  EACH  GROUP  USING  THE 
CONSTANT  SUM  SCALING  METHOD  [5:  pp.  105-116] 

The  Constant  Sum  Scaling  Method  is  designed  to  scale  a 
property  having  either  a  natural  origin  or  an  origin  upon 
which  judges  agree  [4] .  The  values  sought  and  obtained  in 
this  study  will  be  the  system  effectiveness  values  for  each 
weapon  system  obtained  from  each  group,  labeled  S^; 
i  *  A,  — ,  G;  k  *  1,  — ,  4;  such  that  for  example  Sp3  will 
be  system  effectiveness  obtained  for  Weapon  System  F  from 
judgment  Group  3.  Each  judge  has  been  asked  to  make  a  ratio 
scale  judgment  by  splitting  100  points  within  a  pair  of  in¬ 
stances  (weapon  systems).  If  n  were  the  number  of  instances, 
a  total  of  nx  (n-l)/2  pairs  had  to  be  judged. 

Let  a^j  be  the  notation  used  to  represent  the  number  of 
points  a  judge  gives  to  instance  j  when  it  is  compared  to 
instance  i.  For  each  judge  the  n  x  (n-l)/2  responses  can  be 
arranged  in  a  matrix  A  where  cross  diagonal  elements  sum  to 
100  and  where  all  diagonal  elements  (representing  instances 
compared  to  themselves)  are  50.  If  there  were  p  judges  all 
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together,  a  new  matrix  ~K,  being  the  average  of  all  the  indi¬ 
vidual  response  matrices,  could  be  constructed  with  elements 
being 

(3) 

to  compute  a  new  n  x  n  matrix  W  with 

(4) 

elements  will  be  reciprocal  to  each 
other  and  diagonal  elements  will  have  the  value  1.  "Each 
element  provides  an  estimate  of  the  ratio  of  two  of  the 
scale  values  we  are  seeking,  S.  and  S.,  an*.!  re  could  write 

J 

»  estimate  of 


aij 


Z  a. 
i-1  1 


The  next  step  is 
a.  . 

elements  W.  .  ■ 

a .  • 

33- 


In  W,  cross-diagonal 


j  „  Scale  value  of  instance  j  "  r..  „ 

ST  Scale  value  of  instance  i  *•  ’  P* 

Since  there  are  more  estimates  (21  W^'s)  than  there 
are  instances  (seven  weapon  systems)  to  be  estimated  the 
solution  given  in  the  W  matrix  will  be  overdetermined.  One 
could  for  example  compare  systems  A  and  B  in  (n  -  1)  dif¬ 
ferent  ways: 


and 


,  W1A 

*  "5 


i  *  C,D,E,F,G,  where  in  general 
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To  resolve  this  multiple  estimate  problem  a  least  squares 
approach  over  the  estimates  may  be  used.  If  the  estimation 
is  perfect  we  would  have 


and  by  taking  the  natural  log  on  both  sides  we  get 


In  W. .  -  (In  S.  -  In  S.)  -  0.  (6) 

ij  j  i 

To  get  as  close  as  possible  to  this  perfect  solution  we  want 

(In  W..  -  (In  S.  -  In  S. i)  to  be  as  small  as  possible  for 

ij  j  i  r 

each  pair  of  instances  i,  j.  In  other  words  we  want  to  find 
the  values  for  S^,  S2,  ---,  Sn  that  minimize 

Q  -  l  Z  (In  W. .  -  (InS.  -  InS.)]2  ,  (7) 

i-1  j-1  13  3  1 

or 

n  n  7 

Q  =  I  Z  [(In  W..)  -  2  x  InW. .  x  InS.  +  2  x  InW. .  x  S. 

i*l  j=l  13  13  1  13  x 

+  (InS.)2  -  2  x  InS.  x  InS.  +  (lnS^2]. 

In  order  to  minimize  Q  we  take  the  n  partial  derivatives  with 
respect  to  ,  j  ■  1,2,  — ,n,  and  set  them  equal  to  zero. 
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Thus, 


n 

E 

i-1 


2  x  In  W. .  2  x  InS. 

- * - i-i-  +  - * - 1  - 

ST  5T 


3 


3 


2  x  lnS^ 
- ST - 

3 


1*0 


n  n 

E  E  [  -  In  W. .  +  InS.  -  InS.]  -  0,  and 
i-1  j-1  1J  J  1 


n  n  n  n  n  n 

E  E  InS .  »  E  E  InW. .  +  E  E  InS. , 

i-1  j-1  J  i-1  j-1  i-1  j-1  1 


which  finally  gives  a  new  set  of  equations, 


InS 


n 

Z  In  W . . 
i-1  13 

n 


n 

E  In  S, 
i-1  1 

n 


;  j-1 , 2 ,  —  ,n. 


(8) 


In  order  to  give  a  solution  entirely  in  terms  of  the 
observed  it  is  necessary  to  specify  a  unit  for  the 
scale  value.  There  will  be  no  loss  in  generality  if  the 
average  of  the  natural  logs  of  the  scale  values  are  set  at 
zero,  or 
n 

E  In  Si 


This  gives  a  simple  algebraic  expression  for  the  least 
squares  estimates  of  the  scale  values,  namely. 
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'■JULUMUm.irw 


In  Sj 


(9) 


gK7.>J 

| 


i 

! 

! 

i 


(  j 


n 

2  In  W. . 

w _ ii 

n 


1,2, --- ,n, 


or  alternatively  by  taking 


sj 


n 

IT 

ial 


wij  1 


1/n 


the  antilogarithms, 
j  -  1,2 , - -- ,n. 


(10) 


The  scale  value  of  instance  j ,  Sj  (overall  system  effective¬ 
ness  of  weapon  system  j),  as  derived  from  the  least  squares 
method  is  simply  the  geometric  mean  of  the  column  of  the 
W  matrix. 

The  Constant  Sum  Scaling  Method  has  now  formally  been 
established.  Applied  on  the  judged  data  it  gave  A  and  W 
matrices  for  each  group  (Appendix  B) . 

The  values  for  the  judged  overall  system  effectiveness, 
as  shown  in  Table  2,  were  obtained  from  Equation  (10). 


Table  2 


Overall  System  Effectiveness 


Weapon 

System 

Group  1 

Group  2 

Group  3 

Group  4 

A 

.  l.£o6 

2.025  ~ 

1.707 

1.892 

B 

0.559 

0.612 

0.559 

0.577 

U 

1.435 

1.442 

1.490 

1.452 

D 

0.939 

u.887 

0.977 

0.931 

E 

0.510 

0.502 

0.525 

0.510 

F 

1.243 

1.115 

1.212 

1.188 

G 

1.102 

1.126 

1.137 

1.120 
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Table  3  gives  a  rank  order  of  the  judged  overall  system 
effectiveness  within  each  group. 

Table  3 

Rank  Order  of  Overall  System  Effectiveness 


Group  1 

Group  2 

Group  3 

Group  4 

SA 

SA 

SA 

SA 

s 

s 

s 

s 

c 

c 

c 

c 

SF 

SG 

SF  . 

SF 

SG 

c 

~F 

SG 

SG 

SD 

SD 

SD 

SD 

SB 

SB 

SB 

SB 

SB 

SE 

SE 

SE 

- _ _  J 

All  four  groups  of  judges  rank  the  different  SAM  weapon 
systems  overall  system  effectiveness  in  the  same  order,  with 
exception  of  and  that  changed  places.  The  values 
of  Sg  and  do  not  however  differ  significantly  for  any  of 
the  groups  (differences  between  0.011  and  0.141),  which 
probably  makes  it  difficult  to  conclude  that  System  F  is 
substantially  different  from  System  G  in  overall  effective¬ 
ness  . 
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It  should  be  noted  that  the  top  expert  group  (Group  3) 
gave  the  highest  ranked  system  (System  A)  its  lowest  score 
among  the  groups  and  the  lowest  ranked  system  (System  E) 
its  highest  score  among  the  groups.  In  other  words  it  seems 
like  the  most  experienced  judges  were  the  ones  to  be  most 
careful  to  draw  distinctive  conclusions.  Figure  3  gives  a 
graphical  picture  of  the  results  summarized  in  Table  2. 

Having  established  judged  overall  system  effectiveness 
values  (JOSE),  the  next  step  is  then  to  find  a  functional 
relationship  between  the  JOSE  and  the  system  characteristics, 
a  functional  overall  system  effectiveness  (FOSE) .  This  will 
be  the  content  of  the  next  chapter. 
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Overall  System  Effectiveness 


Fig.  3  1  Graphical  representation  of  the  overall  grouped 
system  effectiveness. 


V.  FUNCTIONAL  RELATIONSHIP 


In  the  previous  chapters  overall  MOE's  for  the  seven  SAM 
systems  were  determined  within  each  group  of  judges.  In  this 
chapter  a  functional  relationship  between  overall-,  grouped 
system  effectiveness  and  system  characteristics,  as  seen  in 
Table  4,  will  be  sought  using  linear  and  non-linear  multiple 
regression. 

A.  FUNCTIONAL  RELATIONSHIP  BETWEEN  OVERALL  SYSTEM 
EFFECTIVENESS  AND  SYSTEM  CHARACTERISTICS 

An  APL  computer  program  named  "REGRESS'*  taken  from 
OA3660  APL  workspace,  Public  Library  Number  2  at  the  Naval 
Postgraduate  School  [6:  p.  103]  will  be  used  throughout 
the  functional  analysis,  "REGRESS"  does  a  multiple  regres¬ 
sion  analysis,  relating  the  dependent  variable  S  for  over¬ 
all  system  effectiveness  to  the  independent  variables 
X^  to  Xg  for  system  characteristics.  The  outputs,  as  seen 

in  Appendix  C,  give  ANOVA  tables,  coefficients  of  deter- 
2 

mination  R  ,  standard  errors  SE,  regression  coefficients 
(the  constant  term  a  and  coefficients  b^  to  bg),  t  -  sta¬ 
tistics  for  each  coefficient,  estimated  values  for  the 

A 

overall  system  effectiveness  S,  and  residuals.  In  addition 
plots  of  residuals  versus  estimated  overall  system  effective¬ 
ness  are  obtained  to  see  if  a  particular  pattern  exists. 
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Table 


Tables  5  through  8  show  summaries  of  the  analysis  for 
each  group  of  judges.  A  part  of  the  analysis  was  to  see  if 
the  rank  order  of  the  SAM  weapon  systems  obtained  by  the 
Constant  Sum  Scaling  Method  (Table  3),  changed  substantially 
under  the  functional  analysis.  Column  eight  in  Tables  5 
through  8  summarizes  this  aspect. 

1 .  Reflections  Behind  the  Choice  of  Candidate  Models 
In  the  process  of  trying  to  obtain  a  transformation 
of  the  independent  variables  that  will  give  a  good  estimate 
of  a  known  value,  trial  and  fail  may  be  the  most  important 
part.  By  looking  at  the  data  some  reflections  can  however 
be  done,  as: 

-  should  all  the  independent  variables  have  the  same 
impact? 

-  do  some  have  a  positive  influence,  and  others  a 
negative  one? 

-  does  any  independent  variable  take  a  dominant  role  in 
form  of  btiing  significantly  more  variable  than  others? 

-  does  any  independent  variable  take  a  less  important 
role  because  of  little  variability? 

Such  reflections  can  make  it  easier  to  find  the  right 
transformation.  For  this  study,  the  first  seven  transfor¬ 
mation  are  to  be  considered  more  or  less  as  trial  and  fail 
(the  best  among  many  have  been  listed).  More  consideration 
is  however  shown  for  the  last  six  transformations. 
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Table  6 

Summary  Of  Group  2  Candidate 


Table  7 

Summary  Of  Group  3  Candidate 


Table  8 

Summary  Of  Group  4  Candidate  Models 


((1))  The  candidate  model 


5 

Si  -  a  +  Z  b.  x  X..,  i  -  1,2, ---,7, 
j-1  3  13 


is  a  linear  combination  o£  the  characteristics. 


((2))  The  candidate  model 


4  1/5 

Si  »  a  +  Z  b.  x  X..  +  b,  x  X. -  ;  i»l,2,---,7, 

j-1  3  13  b  lb 

transforms  X^,  being  the  cost  of  a  missile,  by  using  the 
fifth  root  (which  gave  the  best  result  of  all  applied  trans 
formations  on  X^j . 

Anv  transformation  where  a  linear  combination  of 
the  independent  variables  was  raised  to  s  power  greater 
than  1.0  gave  a  bad  data  fit  with  unacceptably  high  stan¬ 
dard  errors. 

Negative  powers  and  logarithmic  transformations 
however  gave  an  overall  more  satisfying  result  as  shown  in 
Tables  5  through  8. 

((3))  The  candidate  model 


4  1/5 

Vann  bj  X  Xij  +  b5  X  xi5  U  i'1-2’- 


,7 


is  the  natural  log  of  the  linear  combination  of  the  charac¬ 
teristics  . 
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((4))  The  candidate  model 


4  1/5 

Si*exp [a+ln [  l  b.  x  X^  +  bg  x  Xi5  ]];  i«l,2t---,7, 

is  the  natural  log  of  both  the  overall  system  effectiveness 
and  of  the  linear  combination  of  the  characteristics. 

((5))  The  candidate  model 


1/5  -1 


V"lj!1bjlXij,lS,Ii5  1  ;  ,7, 


is  the  reciprocal  of  the  linear  combination  of  the  charac¬ 
teristics  . 

( (6) )  The  candidate  model 


[a 


4 

2 

j-i 


xXij 


+  br  x  X 


1/5  -1 


i5 


i-1,2, —  ,7, 


is  a  linear  combination  of  the  characteristics  and  the 
reciprocal  of  the  overall  system  effeciveness . 

( (7) )  The  candidate  model 


Si 


[a  + 


4 

l 

3-1 


XiJ 


+  b, 


X.  _ 
i5 


1/5  -2 

] 


i“l *  2 ,  —  ,7, 


is  a  linear  combination  of  the  characteristics  and  a  recipro¬ 
cal  transformation  of  the  overall  system  effectiveness  to  the 
second  power. 
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It  should  be  noted  that  the  seven  first  candidate 
models  have  only  one  residual  degree  of  freedom.  Obtained 
transformations  are  therefore  not  very  robust  and  highly 
sensitive  to  small  changes  in  the  independent  variables. 
Nonlinear  combinations  of  the  independent  variables  will 
increase  the  residual  degrees  of  freedom  and  thus  give  more 
robust  transformations. 

((8))  The  candidate  model 


si 


a  +  b^  x 


(2  x  Xu  x  Xl4)  *  b2  x  C; 


ki2 


T7T 


+  b,  x 


As//2 


1,2, ---,7, 


is  a  transformation  that  combines  the  independent  variables 
X^  and  X4  in  such  a  manner  that  the  higher  the  product 
(X^  x  X^) ,  the  better  the  SAM  system.  The  reciprocal  of 
X2  was  used  because  it  was  considered  that  the  overall 
system  effectiveness  would  possess  diminishing  marginal 
returns  with  respect  to  increasing  reaction  time,  X2-  The 
4  in  the  numerator  was  chosen  to  give  approximately  the  same 
impact  from  this  new  second  independent  variable  as  for  the 
first  new  one.  As  seen  in  Table  9,  X^  and  X5  are  correlated 
independent  variables. 
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Table  9 


Correlation  Between  Independent  Variables 


X1 

X2 

X3 

X4 

*—  . .  . .  . .  i 

X5 

*1 

1.00 

0.64 

0.20 

0.54 

0.03 

X2 

0.64 

1.00 

0.37 

0.38 

0.27 

*3 

0.20 

0.37 

1.00 

0.56 

0.93 

X4 

0.54 

0.38 

0.56 

1.00 

0.24 

X5 

G .  03 

0.27 

0.93 

0.24 

1.00 

It  was  therefore  concluded  that  these  two  variables  should 

Xr  1/2 

be  combined.  (  ^  )  gives  about  the  same  impact  as  for 

a 

the  other  two  new  independent  variables.  With  three  inde¬ 
pendent  variables  the  residual  degrees  of  freedom  increases 
to  three  which  means  a  more  robust  transformation  than  the 
former  ones. 

((9))  The  candidate  model 


si 


a+b^x  (2 


xn) 


Xi4 


+  b,  XC- 


X, 


T71 


)  +  b. 


i2 


Xi3  1/2 
x  — ) 

Ai5 


i=l»2, - ,7, 

shows  the  same  nonlinear  combination  as  ((8))  except  that 
the  reciprocal  of  X,.  is  used  because  of  the  diminishing 
marginal  returns  in  overall  system  effectiveness  with 
respect  to  increasing  cost, 
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The  last  fctar  candidate  models  use  nonlinear  com¬ 
binations  such  that  only  two  new  independent  variables 
are  applied  for  the  regression  analysis.  This  increases 
the  robustness  even  further.  It  should  be  noted  that 
reciprocals  are  used  both  for  X2  and  for  X,.,  using  the 
assumption  of  diminishing  marginal  returns  with  respect  to 
increasing  characteristic  values  for  these  two  variables. 

C  C 1 0 ) )  The  candidate  model 

si  ■  a+V«2  x  Xu)2  x  Xi4>2  +  b2  x  C7-T7T)x(XTf)1/Z 

Ai  2  xi 


i“l  »2  ,  —  ,7, 

is  a  nonlinear  combination  of  the  original  independent 
variables  that  is  constructed  by  applying  obtained  know¬ 
ledge  from  previous  transformations. 

((H))  The  candidate  model 


Siaa+b1x((2  x  Xu)2  x  Xi4)4  +  b2  x  (- 


X., 

r)x(^) 

iS 


i*l » 2 , - -- ,7, 


modifies  ((10))  with  increased  impact  on  the  first  new 
independent  variable. 
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((12))  The  candidate  model 


S. 

1 


a+b^x  [4xX^x  (^7-) 


1/4 


i  1/5  2 

(v — )  ]  +  b-  x 

xi5  1 


xi4) 


1/3 


i"l  >  2 , ,  7 , 

uses  the  assumption  that  the  higher  average  missile  speed 
X4,  the  longer  the  maximum  effective  range  X^,  and  vice  versa. 
((13))  The  candidate  model  ((13))  is  the  same  as  ((12)),  but 
with  3/2  as  exponent  of  the  first  new  independent  variable 
instead  of  2. 

Tables  5  through  8,  containing  all  candidate  models 
for  each  of  the  four  groups  of  judges,  are  meant  to  be  a 
guide  for  decision  makers  to  select  the  best  equation  (trans¬ 
formation)  among  the  presented  thirteen.  General  rules  can 
be  applied  to  assist  in  the  choice. 

The  coefficient  of  determination  is 

r2  b  Regression  sum  of  squares  _  _ (  . 

Regression  sum  of  squares  +  Residual  sum  of  squares* ^ 1 1 ' 

The  smaller  the  residual  sum  of  squares  (RSS)  the  better  is 

2 

the  candidate  model  and  thus  the  closer  R  is  to  the  value 

1.0000  (which  is  considered  to  be  ideal)  the  better. 

The  standard  error,  SE  is  defined  as, 

n  A  ?  i /?  A 

SE  -  (  Z  (Si  -  Sir)i/4;  Si  -  JOSE,  Si  -  FOSE.  (12) 
i-1 
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The  smaller  the  standard  error,  the  better  the  candidate 
model.  In  Appendix  C,  standard  error  can  be  read  for  each 
SAM  weapon  system,  within  each  group,  and  for  each  of  the 
thirteen  candidate  models. 

The  F-ratio  is  defined  as 

F  ■  Regression  mean  squares 

Residual  mean  squares  ,  (13) 

and  the  lower  the  Residual  mean  square  (RMS)  the  better  is 
the  equation.  In  other  words,  the  higher  the  F-ratio  the 
better . 

The  t-statistics  are  obtained  for  the  constant  a 

and  for  each  of  the  regression  coefficients  b.  to  bc.  Our 

B.  -  b.  1  5 

t-statistic  is  acceptable  if  t..  «  -= - -  >  tn  „  (n-k)  ; 

l  /  y;-  l-av 

1,2, ---,6,  where 

*  th 

b^  ■  estimated  i—  coefficient, 

t*  h 

b^  -  i—  coefficient  given  by  the  null -hypothesis , 

t  h 

i—  diagonal  element  of  the  variance  -  covariance  matrix, 

ti_a(n  -  k)  -  value  from  t-table  with  significance  level 

c.  and  (n-k)  degrees  of  freedom,  where  n  -  number  of  SAM 

weapon  systems,  and  k  ■  number  of  independent  variables. 

For  a  ■  0.05  and  the  worst  case,  k  ■  5,  t.  (n-k) m2 . 920 . 

X  “  cx 

Lower  values  for  t^  can  give  unpredictable  results  even  if 

2 

the  candidate  model  gives  a  very  small  SE  and  a  R  close  to 
1.0000. 
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Figure  4  through  7  show  plots  of  standard  error  SE 
2 

versus  R  for  the  thirteen  selected  candidate  models,  over 

each  group  of  judges.  If  any  decision  should  be  made  on 

2 

the  basis  of  SE  and  R  alone,  candidate  models  ((4)),  ((6)), 

and  ((7))  seem  to  be  the  best.  Common  to  these  three  how- 

2 

ever,  is  that  R  is  based  on  a  transformed  dependent 
variable  (S) ,  and  is  thus  not  directly  comparable  to  the 
rest  of  the  candidate  models.  What  can  be  seen  for  candi¬ 
date  models  with  3  residual  degrees  of  freedom  is  that 

model  ((9))  is  better  than  ((8))  for  every  group,  based  on 
2 

SE  and  R  alone.  Just  as  easy  is  it  to  establish  the  fact 
that  for  candidate  models  with  4  residuals  degree  of  free¬ 
dom,  C (13) )  is  better  than  ((10))  and  ((H))  for  every  group. 

B.  SELECTION  OF  THE  BEST  EQUATION 

To  select  the  best  candidate  model  from  Tables  5  through 

8,  seems  to  be  an  easy  task.  The  model  within  each  group, 

2 

that  has  the  R  closest  to  1.0000,  the  smallest  SE,  the 
highest  F-ratio,  the  largest  t -statistics ,  the  highest 
number  of  residual  degrees  of  freedom,  and  no  substantial 
change  in  rank  order  of  the  overall  system  effectiveness, 
should  be  the  obvious  choice.  Such  a  candidate  model  how¬ 
ever,  did  not  appear  in  the  set  using  the  available  data. 

The  solution  will  therefore  be  to  compromise  such  that  a 
model  that  satisfies  all  basic  requirements  (high  F-ratio, 

R^  close  to  1.0000,  small  SE,  t-statistics  greater  than 
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+_  2.920)  within  all  four  groups,  can  be  chosen  as  the  best. 

Candidate  models  ((9)),  ((12)),  and  ((13))  all  qualify 

accordingly  -  as  seen  in  Table  10.  Among  the  three  models, 

number  ((13))  seems  to  have  the  in  general  (over  all  four 
2 

groups)  R  closest  to  1.0000,  smallest  SE,  and  highest 
F-ratio.  Number  ((13))  has  also  the  highest  t-statistics 
of  the  three,  and  one  more  residual  degree  of  freedom  more 
than  number  ((9)). 

Coefficients  for  the  best  candidate  model,  ((13)),  are 
as  follows: 

Table  11 

Coefficients  of  the  Best  Candidate  Model 


Under  the  criteria  discussed  above,  the  best  estimated  value 
for  the  overall  system  effectiveness  will  therefore  be 
obtained  by  the  following  functional  relationship  (using 
Group  4  as  an  example) : 

1 

i 

\ 


Coefficient 

Group  1 

Group  2 

Group  3 

Group  4 

a 

-1.7842 

-1.9881 

-1.7100 

-1.8366 

bl 

2.3688 

2.5003 

2.1366 

2.3512 

b2 

0.4622 

0.5029 

0.4811 

0.4818 

bo 


Overall  system  effectiveness  ■  -.18366+2,3512  x 

-1/2 

[4  x  (kill  probability)  x  (reaction  time)  x 

(missile  price) "  3//2  +  0.4818  x  [(max  effective 

1/3 

range)  x  (average  missile  speed)]  '  . 

How  well  the  best  equztion  (model)  fits  the  judged  overall 
effectiveness  for  each  group  can  be  seen  from  Table  12.  With 
exception  of  14.2%  deviation  for  SAM  System  B  by  Group  2, 
all  deviations  between  judged  -  and  functional  overall  sys¬ 
tem  effectiveness  are  below  9.0%  with  a  grand  average  devia¬ 
tion  of  3.6%.  This  suggests  that  the  best  equation  in 
general  gives  a  good  fit,  close  to  the  answers  obtained  by 
the  Constant  Sum  Scaling  Method. 

To  improve  the  result  other  transformations  could  be 
tried.  First  one  might  however  try  to  evaluate  why  the 
best  candidate  model  did  not  give  an  even  better  prediction 
than  the  one  achieved.  One  approach  is  to  check  the  assump¬ 
tion  behind  the  REGRESS  -  function.  ’’REGRESS"  uses  ordinary 
least  squares  (OLS)  procedure,  where  S-a+Xxb  +  e  is  the 

n  ^  *** 

general  model,  assuming  that  the  residuals  (e)  are  normally 
distributed  with  mean  0,  (E  (e^)  ■  0;  i  ■  1,2, — ,n)  and 
with  variance  a  ,  (Var  (e^)  a  a  ;  i  »  1,2, — ,n).  To  test 
this  assumption  "All  Possible  Subsets  Regression"  procedure 
using  BMDP9R  [7]  was  applied  to  me  del  number  ((13)).  The 
results  are  plotted  in  Appendix  D  and  show  that  assumptions 
about  normality  are  not  meet  entirely  for  any  of  the  four 
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groups.  This  fact  does  not  degrade  the  accuracy  of  the 
estimation  obtained  by  the  best  equation,  neither  does  it 
mean  that  future  forecasting  will  be  less  accurate.  Fisher- 
statistics  can  however  no  longer  be  used  to  develop  pro¬ 
bability  results,  and  F-ratio,  confidence  intervals,  and 
significance  levels  cannot  be  used  with  the  same  exactness 
as  if  normality  was  in  order. 

"All  Possible  Subsets  Regression"  also  gave  an  answer 
to  the  question:  which  variables  gave  most  weight  to  the 
regression  analysis?  This  aspect  is  covered  in  detail  in 
Appendix  D. 

A  functional  relationship  has  now  been  developed 
between  the  overall  system  effectiveness  and  the  weapon 
characteristics.  The  best  estimating  equation  was  found 
by  using  candidate  model  number  C(13)): 

Sl  *  a  +  bl  x[4  X  Xux  C-ijyy)  x  c-  ■■■1/?)]3/2 

Ai2  Ai5 

+  b2  x  (Xi3  x  X.4)1/3. 

In  future  work  with  SAM  weapon  systems  (that  have  the  same 
mission  as  stated  for  those  used  in  this  paper),  this  result 
could  assist  military  decision  makers  in  at  least  four  ways: 

-  in  assessing  the  impact  on  overall  system  effective¬ 
ness  of  modification  of  one  or  more  weapon  character¬ 
istics  , 

-  in  evaluating  the  overall  system  effectiveness  of 
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several  systems  in  a  procurement  phase, 

-  in  computing  overall  system  effectiveness  for  existing 
SAM  systems,  and 

-  in  evaluating  operational  criteria  for  new  (unbuilt) 
systems  compared  to  already  existing  systems. 

In  the  next  and  final  chapter,  the  most  important  results 
will  be  summarized,  and  some  recommendations  for  further 
studies  will  be  made. 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  final  chapter  is  meant  to  be  a  summary  of  the 
"highlights"  obtained  in  the  previous  chapters,  and  addi¬ 
tionally  to  give  some  recommendations  for  future  research. 

A.  CONCLUSIONS 

Finding  overall  system  effectiveness  from  a  multi¬ 
criterion  environment  using  seven  fictitious  SAM  weapon 
systems  as  an  example,  was  the  main  purpose  of  this  paper. 

The  Constant  Sum  Scaling  Method  was  applied  to  judgment 
data  collected  by  questionnaires  from  four  groups  of 
judges.  Results  shows  no  significant  differences  in  overall 
system  effectiveness  ratings  from  one  group  to  another. 

The  next  step  was  to  build  a  model  which,  given  the 
same  information  the  judges  had,  would  accurately  repro¬ 
duce  the  judged  overall  system  effectiveness.  By  applying 
multiple  linear  and  nonlinear  regression,  thirteen  candi¬ 
date  models  were  examined.  These  were  all  evaluated,  and 
a  best  equation  was  obtained  as  follows: 

-1/2 

-  a  +  b^x[4  x  (kill  probability)  x  (reaction  time)  ' 

x  (missile  price) "1/5j3/2  +  ^  x  [(max  effective  range) 

1/3 

x  (average  missile  speed)]  where 
=*  overall  system  effectiveness  for  weapon  system  i; 
i  *  A.  B,  — ,  G,  and  where  a,  b^,  and  b2  are  listed  in 
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Table  11  for  the  four  groups.  This  result  of  the  statis¬ 
tical  analysis  has  a  large  degree  of  robustness  in  it, 
having  four  residual  degrees  of  freedom,  which  makes  it 
less  sensitive  to  changes  in  weapon  characteristics.  The 
grand  average  percent  deviation  between  judged-  and  repro¬ 
duced  (functional)  overall  system  effectiveness  is  3.6%, 
which  is  considered  quite  acceptable  even  if  the  percent 
deviation  in  one  case  is  as  high  as  14.2%. 

The  main  limitation  of  the  obtained  results  is  that 
only  operational  weapon  characteristics  and  missile  price 
were  selected  as  independent  variables.  Other  non-operational 
elements  of  combat  that  might  be  of  equal  or  greater  impor¬ 
tance  are  therefore  not  reflected  in  the  resulting  best 
equation,  or  in  the  judged  overall  system  effectiveness. 

B.  SUGGESTIONS  FOR  FURTHER  WORK 

Judgment  modeling  (Policy  Capturing)  requires  a  set  of 
judged  overall  system  effectiveness  values  associated  with 
a  set  of  independent  variables  (characteristics)  to  obtain 
the  implicit  weights  (functional  overall  system  effective¬ 
ness).  The  applied  methodology  however,  could  be  taken 
even  further  to  determine  the  weights  without  obtained 
judgments,  called  Policy  Specifying  [2].  This  could  be 
done  by  stating  desired  properties  of  the  relations  among 
the  independent  variables  in  sufficient  detail  that  the 
numerical  weights  become  known. 
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If  appropriate  sensitivity  analysis  were  applied  for 
each  of  the  independent  variables  the  obtained  methodology 
could  be  used  to  make  decision  models  for  wargaming  situa¬ 
tions  . 

An  interesting  question  that  has  not  been  answered  in 
this  study,  is:  how  would  the  overall  system  effectiveness 
change  if  one  or  more  of  the  characteristics  were  omitted  or 
changed  by  other  characteristics?  Another  question  of 
interest  is:  how  would  existing  SAM  weapon  systems  rate 
compared  to  the  seven  fictitious  ones  used  in  this  study? 

Judgment  modeling  seems  to  be  a  procedure  that  can  be 
efficiently  applied  to  provide  additional  information  for 
military  decision  makers.  This  study  has  hopefully  given  a 
certain  feeling  for  the  methodology,  and  for  which  appli¬ 
cations  judgment  modeling  are  useful. 
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APPENDIX  A 
QUESTIONNAIRE 

(distributed  outside  the  Naval  Postgraduate  School) 

A  study  is  being  made  of  various  characteristics  of  SAM 
weapon  systems,  and  how  they  relate  to  overall  operational 
effectiveness  and  cost.  The  objective  of  the  research  is 
to  develope  a  procedure  to  help  military  planners: 

-  evaluate  effectiveness  of  new  SAM  weapon  systems, 

-  assess  the  impact  of  effectiveness  by  modifying  weapon 
characteristics  or  changing  cost. 

The  primary  operational  use  of  the  SAM  systems  chosen  is 
point  to  point  defense  with  area  defense  as  a  secondary 
mission. 

Essential  to  the  research  is  information  from  people  with 
a  good  theoretical  and  practical  background  on  SAM  weapon 
systems.  In  particular,  we  are  interested  in  subjective 
rating  of  overall  SAM  system  effectiveness;  these  are  sought 
through  this  questionnaire.  The  format  has  been  kept  short 
to  allow  completion  in  a  very  short  time  (five  to  ten  minutes). 

If  you  would  like  to  receive  a  summary  of  the  results, 
please  fill  in  the  following  form. 

Name  _ 

Address : 


Researcher:  k.  0.  Flaathen,  LCDR,  Royal  Norwegian  Navy 
Advisor:  G.  F.  Lindsay,  Assoc.  Prof,  of  Operations 

Research,  Naval  Postgraduate  School 


QUESTIONNAIRE 


(distributed  at  the  Naval  Postgraduate  School) 

A  study  is  being  made  of  various  characteristics  of 
Surface  to  Air  Missile  weapon  systems,  and  how  they  relate  to 
overall  operational  effectiveness  and  cost.  The  objective  of 
the  research  is  to  develope  a  procedure  to  help  military 
planners : 

-  develop  improved  methods  by  which  the  overall  effec¬ 
tiveness  of  a  new  weapon  system  can  be  assessed, 

-  assess  the  impact  of  effectiveness  by  modifying  weapon 
characteristics  or  by  changing  cost. 

The  primary  operational  use  of  the  SAM  systems  chosen  is 
point  to  point  defense  with  area  defense  as  secondary  mission. 

Your  participation  in  this  study  via  completion  and  return 
of  the  enclosed  questionnaire  before  the  end  of  this  quarter, 
will  enhance  the  opportunity  for  success  in  my  work..  Being 
fully  aware  of  your  busy  schedule  I  still  hope  you  will  find 
time  to  help  me.  Please  return  the  completed  questionnaire 
to  SMC  1403. 

If  you  would  like  to  receive  a  summary  of  the  results, 
please  fill  in  the  following  form. 

Name  _ _ 

Address : 


Thank  you  in  advance  for  sharing  this  portion  of  your 
expertise  with  me. 

Knut  0.  Flaathen 
Lieutenant  Commander 
Royal  Norwegian  Navy 
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OVERALL  SYSTEM  EFFECTIVENESS  OF  SAM  WEAPONS 


There  are  many  characteristics  (factors)  of  SAM  weapons 
which  serve  as  ".oasures  of  effectiveness  for  such  systems. 
Five  important  ones  are  listed  in  the  table  below.  We  have 
also  shown  characteristic  values  for  seven  fictitious  SAM 
weapons,  A  -  G. 


SYSTEM 

FACTOR 

Q| 

B 

C 

D 

E 

F 

G 

Kill  probability 
of  single  shot 

0.90 

0.75 

0.85 

0.70 

0.65 

0.80 

0.80 

Reaction  time 
(seconds  from 
detection  to 
missile  launch) 

6 

30 

10 

8 

30 

12 

IS 

Max  Effective 
Range  (in  km) 

9 

12 

15 

8 

22 

18 

26 

Average  missile 
speed  (in  Mach) 

2.3 

2.0 

2.2 

2.0 

1.7 

1.5 

1.9 

Missile-price 
(in  10,000  of  $) 

60 

60 

70 

45 

80 

65 

100 

We  wish  your  assessment  of  the  overall  system  effective¬ 
ness  of  these  weapons. 

Pairs  of  the  fictitious  SAM  weapons  are  listed  on  the 


next  page.  Within  each  pair,  please  split  100  points  in 
terms  of  the  relative  overall  system  effectiveness  of  the 
two  SAM  weapon  systems. 


APPENDIX  B 
A  AND  W  MATRICES 


Table  13:  Matrix  A  with  elements  a^.^  denoting  the  average 
number  of  points  assigned  to  weapon  system  j  when  compared 
to  weapon  system  i  and  judged  by  Group  k. 

1.  Judged  by  Group  1: 


A 

B 

C 

D 

E 

F 

G 

A 

50.00 

19.75 

44.69 

31.33 

23.71 

40.14 

36.65 

B 

80.25 

50.00 

70.06 

62.50 

47.31 

68.37 

65.71 

C 

55.31 

29.94 

50.00 

38.22 

28.00 

45.59 

42.78 

D 

68.67 

37.50 

61.78 

50.00 

34.63 

55.90 

52.01 

E 

76.29 

52.69 

72.00 

65.37 

50.00 

71.22 

72.43 

F 

59.86 

31.63 

54.41 

44.10 

28.78 

50.00 

45.45 

G 

63.35 

34.29 

57.22 

47.96 

27.57 

54.55 

50.00 

2. 

Judged  by  Group  2: 

A 

B 

C 

D 

E 

F 

G 

A 

50.00 

21.04 

40.65 

28.20 

21.77 

37.22 

37.73 

B 

78.96 

50.00 

67.46 

58.60 

47.46 

62.31 

65.22 

C 

59.35 

32.54 

50.00 

37.75 

25.27 

43.83 

40.69 

D 

71.80 

41.40 

62.25 

50.00 

36.52 

54.15 

53.48 

E 

78.23 

52.54 

74.73 

63.48 

50.00 

70.48 

71.  75 

F 

62.78 

37.69 

56.17 

45.85 

29.52 

50.00 

50.22 

G 

62.27 

34.78 

59.31 

46.52 

28.25 

49.78 

50.00 

3. 

Judged  by  Group  3: 

A 

B 

C 

D 

E 

F 

G 

A 

50.00 

22.69 

46.24 

35.46 

25.53 

40.77 

42.67 

B 

77.31 

50.00 

72.44 

64.81 

47,89 

68.04 

65.18 

C 

53.76 

27,56 

50.00 

41.05 

26.69 

42.86 

42.10 

D 

65.54 

35.19 

58.95 

50.00 

35.74 

54.54 

55.45 

E 

76.47 

52.11 

73.31 

64.26 

50.00 

72.54 

68.32 

F 

59.23 

31.96 

•57.14 

45.46 

27.46 

50.00 

47.49 

G 

57.33 

34.82 

57.90 

44.55 

31.68 

52.51 

50.00 

63 
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4.  Judged  by  Group  4: 


A 

B 

C 

D 

E 

F 

G 

A 

50.00 

21.02 

43.70 

31.38 

22.98 

39.29 

38.69 

B 

78.98 

50.00 

69.81 

61.77 

47.52 

66.16 

65.39 

C 

56.30 

30.19 

50.00 

38.84 

26.68 

44.22 

41.86 

D 

68.62 

38.23 

61.16 

50.00 

35.60 

54.91 

53.49 

E 

77.02 

52.48 

73.32 

64.40 

50.00 

71.33 

71.05 

F 

60.71 

33.84 

55.78 

45.09 

28,67 

50.00 

47.69 

G 

61.31 

34.61 

58.14 

46.51 

28.95 

52.31 

50.00 

Table  14:  Matrix  W  with  elements  w..v  denoting  an  estimate 

1  j  x 

of  the  ratio  between  scale  values  and  when  judged  by 
Group  k. 

1.  Judged  by  Group  1: 


A 

B 

C 

D 

E  ' 

F 

G 

A 

1.000 

0.246 

0.808 

0.456 

0.311 

0.671 

0.579 

B 

4.063 

1.000 

2.340 

1.667 

0.898 

2,162 

1.916 

C 

1.238 

0.427 

1.000 

0.619 

0.389 

0.838 

0.748 

D 

2.192 

0.600 

1.616 

1.000 

0.530 

1.268 

1.085 

E 

3.218 

1.114 

2.571 

1.888 

1.000 

2.475 

2.627 

F 

1.491 

0.463 

1.193 

0.789 

0.404 

1.000 

0.833 

G 

1.729 

0.522 

1.338 

0.922 

0.381 

1.200 

1.000 

TTW.  .  , 

"T/467 

0.017 

12.539 

0 . 646 

0.o"0$ 

4.578  ' 

"  1.970 

1.906 

0.557 

1.435 

0.939 

0.510 

1.243 

1.102 

2 .  Judged  by  Group  2 

• 

• 

A 

B 

C 

D 

E 

F 

G 

A 

1.000 

0.266 

0.685 

0.393 

0.278 

0.593 

0.606 

B 

3.753 

1.000 

2.073 

1.415 

0.903 

1.653 

1.875 

C 

1.460 

0.482 

1.000 

0.606 

0.338 

0.780 

0.686 

D 

2.546 

0.706 

1.649 

1.000 

0.575 

1.181 

1.150 

E 

3.593 

1.107 

2.957 

1.738 

1.000 

2.388 

2.540 

F 

1.687 

0.605 

1.282 

0.847  • 

0.419 

1.000 

1.009 

G 

1.650 

0.533 

1,458 

0.870 

0.394 

0.991 

1.000 

A-jj 

J  2 

39.523 

0.032 

12.941 

0.432 

“OUT 

2.137 

2.297 

2.025 

0.612 

1.442 

0.887 

0.502 

1.115 

1.126 

<  eq  U  Q  tq  Pu  oIRraj  I  'S-  I  I  <pqaQ«fcU 


lip  3: 


1.000 

3.407 

1.163 

1.820 

2.995 

1.453 

1.344 


0.860 

2.628 

1.000 

1.436 

2.747 

1.333 

1.375 


0.549 

1.842 

0.696 

1.000 

1.798 

0.834 

0.803 


E 

F 

G 

0.339 

0.688 

0.744 

0.919 

2.129 

1.872 

0.364 

0.750 

0.727 

0.556 

1.200 

1.245 

1.000 

2.642 

2.157 

0.379 

1.000 

0.904 

0.464 

1.106 

1.000 

1.490  0.977  0.525  1,212  1.137 


1.000 

3.757 

1.288 

2.187 

3.352 

1.545 

1.585 


0.647 

1.95E 

0.792 

1.218 

2.488 

1.000 


r.nr.i 
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APPENDIX  C 

MULTIPLE  REGRESSION  DATA  OUTPUTS 
Appendix  C  contains  "REGRESSHOW" ,  "REGRESS" ,  "SCAT", 

"FMT",  "STATISTICS",  and  computer  output  for  each  candidate 
model  from  all  four  groups  of  judges.  "REGRESSHOW"  is  an 
APL-function  that  explains  the  use  of  the  "REGRESS"  - 
function.  "SCAT"  and  "FMT"  are  other  APL-  functions 
necessary  as  sub-programs  for  "REGRESS".  "STATISTICS,  S^"; 
i  ■  1,2, ---,4,  give  detailed  summary  statistics  for  the 
judged  overall  systems  effectiveness  for  all  four  groups. 
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REGRESSHOW 

SYNTAX i  Z+X  REGRESS  X 
PARAMETER  I 

A INTERCEPT*  DETERMINES  WHETHER  OR  NOT  AN  INTERCEPT  TERM 
IS  TO  BE  INCLUDED ,  A INTERCEPT «i  GI/F5  44V  INTERCEPT 
TERM .  4WD  A INTERCEPT'D  GIVES  NO  INTERCEPT .  ( DEFAULT  IS 
1.) 

GROUP \  RELATIONS 
SUBPROGRAMS  I  FM2*  44V  0  SOdf 

DESCRIPTION i  REGRESS  DOES  A  MULTIPLE  REGRESSION  ANALYSIS 
RELATING  THE  DEPENDENT  VARIABLE  X  TO  A  SET  OP  CARRIERS  X . 

LFF!T  ARGUMENT  X  IS  A  VECTOR  OF  SIZE  N,  THE  RIGHT  ARGUMENT  X  IS 
AN  N  BY  K  MATRIX  CONSISTING  OF  N  OBSERVATIONS  ON  EACH  OF  K 
VARIABLES  OR  A  VECTOR  OF  SIZE  N  IF  K* 1.  OUTPUT  CONSISTS  OF  AN 
ANOVA  TABLE ,  R*SQUAREt  STD,  ERROR ,  REGRESSION  COEFFICIENTS  (THE 
FIRST  COEFFICIENT  IS  THE  CONSTANT  TERt-l  IF  ^INTERCEPT*! .) , 
TwSTATISTICF,  VARIANCE 'COVARIANCE  MATRIX ,  DURBIN -WATSON 
STATISTIC ,  4/V0  <4  yffrm  OF  PREDICTED  X  VALUES  AND  RESIDUALS . 
WF4?  T5  44V  OPITIOiV  rJMT  40LW5  TtfF  TO  INPUT  A  VECTOR  OF  X 

VALUES  AND  USE  THE  REGRESSION  EQUATION  TO  FORECAST  X  VALUES .  THE 
USER  CAN  ALSO  OBTAIN  A  SCATTER  PLOT  OF  THE  RESIDUALS .  WHEN 
EXECUTION  TERMINATES ,  THE  PREDICTED  X  VALUES  AND  THE  RESIDUALS 
RESIDE  IN  THE  N  BY  2  MATRIX  Z , 
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vregress n ]7 

7  Z*-Y  REGRESS  X  ',N \K  ;C  \XPXINV  \XRY \BETA\RSS  \TSS  ;S2  \ESS  \WID  \DEP 
Cl]  *♦(  2  +  (o*)  ,1  )p* 

C  2 ]  *«-(0,l -^INTERCEPT)*!  tX 

[  3  ]  XPXINV+1(0X)+ ,*X 

[4]  BETA+XPXINV+  .*  XPY*-($X)  +  ,*Y 

[5]  rss+((<*beta  )♦. *jrpy )-£«•((♦/*) *2 ,y 

[ 6 ]  ESS+(TSS+(($Y)+ .*X)‘C)-RSS 

C  7  ]  S2  +  tESS*(N-l)-K+(p  ,  BETA  )  -  ^INTERCEPT 

[8]  OR 

[9]  »  ANOVA' 

[10]  GJH+*  SOURCE  ,DF  ,SUM  SQUARES  J1EAN  SQUARE  %F -RATIO' 

[11]  '  ' 

[12]  '1  REGRESS  ION'S  ,14  .  BE!  6 . 4  *  FMT'.K)  ,  (  %RSS  ) ,  (  tRSS*K)  ,(  tRSS*K)*S  2 

[13] 

[14]  •]  RESIDUAL! ,I*,BElS.k'  FMT( ( N-l ) -K ) , ( ,ESS ) ,52 , 0 

[15]  '!TOTAL  1 ,14, SF16. 4*  FMT(N-i ) , ( t?SS) ,0,0 

C  1  6  ]  *  * 

[17]  (  R  SQUARE  :  *  ) ,  RSS  *  TSS 

[18]  (  *r‘  STD  ERROR:  *), *,52*0.5 

[19]  QK+'  COEFFICIENTS  ,2'  STATISTICS' 

[20]  ’  FI  5 . 4  '  FMm*(  2,o.PETA)p(  ,PETA)  ,(  tPE*A)*(l  1  67-52  *XPXINV  )  *0  .  5 

r  21  ]  »D0  y<?£/  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX ?' 

[22]  ^iM'r<m 

[23]  • VARIANCE-COVARIANCE  MATRIX :  ',£&+" 

[24]  ‘FI  2. 4'  FMT  V 

[25]  A\ ;(  «' DURR  IN -WATSON:  '),*i<+/((l  +  ,C)-(“l4-,C))*2)f-+/(  ,C-y-y+  ,  *BETA  )  *2 

[26]  2-6(  2  , /V ) o  <  ,*+  .*SF3M  )  ,  ,  <7 

[27]  Bli'DO  YOU  WANT  TO  FORECAST  A  VALUE  FOP  Y ? ' 

[28]  ■♦Cl  x  V  '  y '  *1 1] 

[29]  (  *r 'ENTER  X  VECTOR  (  ’  )  ,  (  <*«  )  ,  *'  VALUES)' 

C30]  (  or' FORECAST  OF  Y  VALUE'.  '  )  ,  C-(  1  -  ^INTERCEPT)  4- 1 ,])  +  .  *  CF7M 
[31]  (  *'  VARIANCE  OF  FORECAST  ERROR:  ’  )  ,  «S2 « 1  +  C  +  .  'XPXINV+  .  * 6C 

C  3  2 ]  ♦SI 

[33]  Cls ‘DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y?' 

[34]  ♦O *  t  '  F '  =1  +  3 

[35]  DEP+Q  .5*f/r5-l/70,([  /  ((  0.75*F),30)) 

[36]  5C4T  2 
7 
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NSC  AT Cl  ]7 

7  W+SCAT  Z\H\X\l\C\R\V\SiL\I\J\K\VT\Cl\G\D\B\A\0\V 
[1]  ■+$*  t(  2  =*/2  4V)v(  x/N)>  +  /N+pZ 

C23  3<-$(2.pZ)p(  ipZ).Z«-.Z 

r  3  3  .  r^zr  ii  +  t(7^“i+(pZ)C23] 

.4]  J?*pZ*Jr«-,ZC  jl] 

C  5]  W+S+  2dO 

C  6  ]  ,  f+l+0*p  (  D+NDIVX'NDIVX)  ,B*-WID,DEP 

C  7  3  r/T+lOM  10«C£<*l£“2  0+((  J/C  e/W  /  Z)-S[e/>L  /  Z)*D[«T] 

C 8  ]  StJ’i+UTxlSlJliUT+UTZl  ti  I  CL-UT+(1  2  5  )*l/r3 

C9]  /7Ce/  3-^C/rx  r  £/r  «/]♦£/? 

c  i  c  3  r/CJ,]^i-c^>‘i(5C»;]-i  )t^(£/c«n-5[e;])i£/r 

cu;f  z*.,* 

[  1  2  J  -*7*  \  3  >«/-*-«/  + 1 

i: 1 3 3  ^(♦opo 

[14]  *«-l  +  lO.  5  +  (LCl]-l)x(X-5Cl3)*(/Cl]-5Cl] 

[15]  X+lO.  5  +  UC2]-l)x(y-S[2]  )*(/[2]-S[2] 

Cl  6]  I«-l 

C  17  ]  -*20-Ml<C 

Cl 8]  4CyCI;13  j«I33^?OUCyCIjl]}«  r3  3  +  l 
C 1 9  3  -*-1 9+  6  x  /?<  I+-I+ 1 

C  2  o  3  J+l 

C 21  ]  D+Q  w+AZHIiJl  ;XCI33 

C  22  3  4C/CI;J3  ;*[!]]«-<  10*  7>*+l  )+((K+l)*K  zV)  +  (X+35-2*t/)*D 

C  23  ]  -*-21  *  iffll+Tt-l 

[24]  +2l»i  CZS~t/  +  f+l 

C  2  5  ]  0«-($pA)Liri  +  LO.5  +  U-l)x<?  tS-U 

C 2 6 ]  4[  ;0[lj]<M[  ;C[l]]  +  36*0  -vl C  ;C?C  1 3 3 

C  27  ]  4CflC23i3<->4C0r23;3  +  35*o  ^4Cor  2  3 ;  3 

C  2  8  ]  !/«•'  »2'iU'>5739lLLK!'JJIl}{HGGFFF:FUtlCQBPAA- I  '  Cl+O/l] 

C  29  3  (*?  RANGE  OF  X:  »  )  ,  «C7[  1  3  .  VZ  1  T 
[30]  (  *t'  7/1  OF  y :  '  )  ,  *f7[  2  ]  ,  UZ  2  ] 

7 
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7FW7C1  3  V 

V  Ol+l  FHT  RiSiWitLiGiXiTiKiJ\MiQiPiD\NiOiL\BiViCH\n 

Cl]  N+-Q+l*M+i>R+(  ir“2to^)off 

C  2  ]  0W(14t«)*  1  0  xAf«-M+2+//«-l<  pCff«-£&.  ’  )0A~»O123456789  .  ' 

C33  •*/?*  i(  fl+o  =ff)vy«-iaps+-,£ 

C 4 3  LO : 1 Vv(  *P+nxQ  spK+oX*-'  '  )*■*/(  M*  ,0*-'V  )  <S 

C  5  3  -(SO  +  (V«-0  vSW*S)  +  \B  =W[2]«-1  ),&-(\*3<-0+.  =tf),P*~M'  fK-K%(J+S\'  )  +5 

C  6]  ^+xp5*'mr  DELIMITER' 

C  7  ]  +£3-3x*(pG*-K  «~1+A) //OLV+pX^pK+UiOMiOH -(<*K)i0)*K 

C  8  ]  £A)/£,3-2x(p^)*y^lfO^,Xi4'  eK*-(~K  t*  ,  *  )  /X 

[9  3  -*-£3M(fl*+/(/>**Mt2]-*-10l|  1-Ai(3+|  1-G\0)+K 

[10]  -►J&3-<t>0,-(^>'FF^,  dC)/*V«-10i|l-Ai(  1 1  ~G+B  \  •  .  »  )  ♦fl-K  1 -($G)  i  0  ) 

Cl  13  4-<i*pjr«-<<  iTpd)  t ( A/C  1 3 )  ,V)+4)<|>4 
Cl  2  3  L3i+(HD*\H*~'  X'  «K)  ,E-QX+-WtD4-OoP+((M-H  ,0)*l,W)oX 
Cl  3]  -*>£4-t~ltLt<3*l+pfl+(0  1  *pP«-P[  ;vM[2]«-ClM[23rQ*7A0]Hfl 

C  1  4  ]  P«-PU0*£>110®!  P+0  =P 

C 1  5  ]  +L2*\Q  ♦S'  ^(L0.5  +  /ir>«,P)  +  ff<*-10*DflOi|l-A\C  +  B 

[16]  L4t+(pl*p£)/F-ppJf«-(l  0  xp<Wp  T\  •“  »  )qJ+J  90+'t/T+0>P+B /P 

ci 73  -*■( *z>( or l*j+'v  cK)r.*~r«*<r+0«-i+iio»ir I p)>o+l+w-d+o+~2\d/l/f,f,i 

Cl  8  3  ->E+*pS+'  FIELD  WIDTH' 

[19]  -*>L4  +  l+\(  <«T[2]*£v.<  0)+tf«-l  +  10r  .S  \  L+(B  /  ,L)  +  T-10  =lP)>f/-3+fl  +  3 

[20]  7<~«^-P[Tmt./]<-&<-0l0X«■,F,  ,  '+O",[.7'p2-x£],A[l  +  $(0plO)  i|  C] 

[21]  F:-Uv2*D*-. '  7*  *)/rfAr*-oJr«-A[ll  ,l-M5(PolO)  f  ff*i|  IP],  AT 

[  22  3  /)«-,(-*)♦(  or  .*wr.  ;  2+0  3*1  ♦  A)  •.<  D«- 10-1 

[23]  mpmc^/ip^,*]*’  • 

[24]  r  :-*(,/*•,/ VO  ^/0«-or£-O)/r  +  p0-*-pP«-C,A[l+<!S(  tplO)  IIP] 
r  2  5  ]  P+Do(  ,0+Gt>n)\(  ,0<-0<>.<  (  -  G)<t»  i  L  +  G+UpC)/ ,P 

C2R]  +ffD~iJvL-~'  L'  «K,PC7/i0«-l  *X+oP<-P,X\ ]■*■**• 

[27]  P-Xp(  ,<>0)\(  ,0+~X*~0)/ ,P 

[28]  +(~H)/F-N- 1  ,0-Op  P«-3 \<  D.X-V*  1 -2x£)*p 

[29]  HD:  CH+(pK+(“UD+-Q'  ( M[  2]LpD)pP-(  *  ,  *  =£// )  .  o  CH  )p  CH  ^CH 

[30]  D-,(tf[2],n  +  0  “l  +(;/[  2  ]tfl)p(  ,$D*  .  2\£^r  /0«-UD-“l$D  ) \K 

[31  ]  -►(  £0-7ax<3)  ,p OL*-OLt{  (  1  =1  *M)+W*1  ,  fcOpD,  ,  P 

[32]  E:K<-'XO  VALID  E ,  I,  OR  F  PHRASE ' 

[33]  («'PMT  PROBLEM  '  ,K  )  ,  «n(  1  ,  p  S  )pS 

V 
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STATISTICS  ,51 
MEAN'.  1.099142857 
VARIANCE:  0.2415018095 
STD.  DEV.:  0.4914283361 
COEFF.  OF  VARIATION:  0.4471014235 
LOWER  QUART ILE:  0.559 
UPPER  QUARTILE:  1.435 
MEDIAN:  1.102 
TRINE AN:  1.0495 
MIDMEAN:  1.0556 
RANGE:  1.396 
MIDRANGE:  1.208 

MEAN  ABSOLUTE  DEVIATION:  0.368 
INTERQUARTILE  RANGE:  0.876 
COEFF.  OF  SKEWNESS:  0.2808085241 
COEFF .  OF  KURTOSIS:  "1.16188856 

STATISTICS  ,52 
MEAN:  1.101285714 
VARIANCE:  0,2690992381 
STD.  DEV.:  0.5187477596 
COEFF.  OF  VARIATION:  0.4710383081 
LOWER  QUARTILE:  0.612 
UPPER  QUARTILE:  1.442 
MEDIAN:  1.115 
TRIMEAN:  1.071 
MIDMEAN:  1.0364 
RANGE:  1.523 
MIDRANGE:  1.2635 

MEAN  ABSOLUTE  DEVIATION:  0.3702857143 
INTERQUARTILE  RANGE:  0.83 
COEFF.  OF  SKEWNESS:  0.5796820095 
COEFF.  OF  KURTOSIS:  "0.8597402161 

STATISTICS  ,53 
MEAN:  1.086714286 
VARIANCE:  0.1952769048 
STD.  DEV.:  0.441901465 
COEFF.  OF  VARIATION:  0.4066399704 
LOWER  QUARTILE:  0.559 
UPPER  QUARTILE:  1.49 
MEDIAN:  1.137 
TRIMEAN:  1.08 J75 
MIDMEAN:  1.075 
RANGE:  1.182 
MIDRANGE:  1.116 

MEAN  ABSOLUTE  DEVIATION:  0.3354295714 
INTERQUARTILE  RANGF:  0.331 
COEFF.  OF  SKEW  NEDS  :  *0 . 037029  '>0775 
COEFF.  OF  EUnm'STS:  "l  .  uf-1  5  f-1  u  20 
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STATISTICS  ,5 4 
MEAN:  1.095714286 
VARIANCE :  0.2348955714 
STD.  DEV.:  0.4846602639 
COEFF.  OF  VARIATION :  0.4423235786 
LOWER  QUARTILE:  0.577 
UPPER  QUARTILE:  1.452 
MEDIAN:  1.12 
TRIMEAN :  1.06725 
MIDMEAN:  1.0536 
RANGE:  1.382 
MIDRANGE:  1.201 

MEAN  ABSOLUTE  DEVIATION:  0.3591428571 
INTERQUARTILE  RANGE:  0.875 
COEFF.  OF  SKEWNESS:  0.3015169357 
COEFF.  OF  KURTOSIS:  “1.160262769 
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3«-Sl  REGRESS  X 


A  MOV  A 

SOURCE  DF  SUM  SQUARES 

REGRESSION  5  1.3632F00 

RESIDUAL  1  8 . 5 8  3 3 S’"* 2 

TOTAL  6  1.4490  E0 

R  SQUARE :  0.9407642333 

STD  ERROR t  0.2929731542 

COEFFICIENTS  T  STATISTICS 
“0. 7414  ~0. 2799 

3 .2755  _1  .  2603 

“0.0232  ” 1.2953 

"0.0253  “0.1161 

“0.1752  ‘0.039 

0 ,0087  0.1189 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARI ANCE •COVARIANCE  MATRIX? 

N 

DURR  IN -W AT SON i  2.238803758 

DO  YOU  WANT  TO  FORECAST  A  VALUF  F0°  Y? 

N 

no  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

PAUSE  OF  Xx  0  2 
RANGE  OF  Yi  "0.15  0.2 

I 

I  « 


MEAN  SQUARE  F-RATIO 

2  .  7  26  4/?“  1  3.1763S00 

8 . 5833£“2 


SI  ,  Z 
1 .906 
0.553 
1.435 
0.133 
0.51 
1  .243 
1.102 


1.758734787  0.1472652131 

0.6863742831  “0.12737U2P31 

1.454673338  "0.0136733381 

1.004457243  ”0.06545 7? 4257 

0.337?  8  35917  3. 17771  r'  4  1  "  9 

1  .  2  47556931  "O.OOl‘55r9'*1251 

1,207117337  "'),107°1  77367 


Z+S2  REGRESS  X 


A  NO  VA 

SOURCE  DF 

SUM  SQUARES 

MEAN  SQUARE 

F -RAT  10 

REGRESSION  5 

1  .  5  0  6  2/700 

3 . 0 1  2  5  .T"  1 

2 .7798E00 

RESIDUAL  1 

1.0837£“l 

1 . 08  3 7.?“  1 

TOTAL  6 

1 . 6146£0 

R  SQUARE :  0.9328822788 

STD  ERROR :  0.3291929007 

COEFFICIENTS 

T  STATISTICS 

“1 .0915 

*0.2889 

3.189 

1.092 

“0.0206 

“1 .0225 

“0.0723 

“0.2951 

“0.2851 

*0.1435 

0.0252 

0.3061 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURR  IN -WATSON i  2.239803758 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0  2 
RANGE  OF  Yi  *0. 15  0.2 


2.025 

1.859528652 

0.1654713477 

0.612 

0.7551213376 

“0. 143121 3376 

1.442 

1.464106192 

“0.0221061^184 

0.087 

0.9605518515 

“0.07355105152 

0.502 

0 . 3023128186 

0.1996871814 

1.115 

1.120120104 

“0. 0051 2018414 

1.126 

1.247258964 

"0 . 1 21 258^641 
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?.<-S 3  REGRESS  X 


A  NOVA 


SOURCE  PF 
REGRESSION  5 
RESIDUAL  1 
TOTAL  6 


SUM  SQUARES 
1 .1402500 
3  .  14885'2 
1 . 171750 


MEAN  SQUARE 
2 . 28035“ 1 
3 ,14885"2 


F-PAmrn 
7 .2419500 


/?  5£{M/?ff:  0.9731251315 

STD  ERROR'.  0.1774492794 

COEFFICIENTS  T  STATISTICS 
"1.6304  "0.8005 

3.0525  1.9391 

"0.0229  “2.1083 

0.0596  0.4515 

0.5098  0.4759 

"0.0170  "0.4024 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 


DURBIN  ■‘WATSON }  2.2388  03758 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS .  PREDICTED  Y ’ 
Y 

RANGE  OF  Xi  0.4  1.8 
RANGE  OF  Yl  “0.1  0.15 


O  • 


53,2 


u  %  a 

1  .707 

1.617803753 

_0. 08919624744 

0.559 

0.6361486207 

“0. 0771486207 

1  .  49 

1.501916198 

"0 . 01  19161  9809 

0.977 

1 . 016647G44 

"0.03964764437 

0.525 

0.4173599313 

0.1076400687 

1.212 

1.214760002 

"0 . 002760001764 

1.137 

1.202363851 

"0.06536385127 
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2<-S4  REGRESS  X 


A  NO  VA 


SOURCE  DF 
REGRESSION  5 
RESIDUAL  1 
TOTAL  6 


SUM  SQUARES 
1 . 3349F00 
7 . 45 1 9£" 2 
1 . 40  9  450 


MEAN  SQUARE 
2 . 6697 ff“l 
7.451 95“ 2 


3  . 5826500 


ff  /7/7 :  0.947126355 

570  ETu  "R:  0.272981  1537 

COEFt ICIENTS  T  STATISTICS 


“1.1827 

3.178 

“0.0223 

“0.0186 

“0.0246 

0.0072 

DO  70£/  (MAT*  A  PRINTOUT 


“0 .3775 
1  .  31  23 
“l .3314 
“0 . 0914 
“0.015 
0,1061 

OF  THE  VARIANCE-COVARIANCE  MATRIX? 


N 

DURB IN -WATSON :  2.238803758 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 
Y 

RANGE  OF  Xi  02 
RANGE  OF  Yi  “0.15  0.2 
I 


54,3 


1 .092 

1  .  75478392 

0.13721 60901 

0 .577 

0. 695 R 82474 

"0  .  118*82474 

1.452 

1 .47033  1  421 

“  0 . 01P3M4  2131 

0.931 

0.991 9924128 

"0.0*091? 4128 

0  .51 

0.34  4  1*106539 

0 . 1  r-  5  5  4  9  3  u  P  1 

1.188 

1.192245881 

"0.0042  u 5  PRO  6  71 

1.12 

1.220553237 

“0.1005532975 
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k  if/.tw.n 


Z«-S1  REGRESS 

n,.V2,^3,r4, 

*5*»  5 

A  NOVA 

SOURCE  DF 

SUM  SQUARES 

MEAN  SQUARE 

F -RATIO 

REGRESSION  5 

1 . 4261/70  0 

2.8523/7“l 

1  ,  2468/7  +  1 

RESIDUAL  1 

2 . 28  7  7/7" 2 

2. 2877/7*2 

TOTAL  6 

1 . 4490/70 

R  SQUARE :  0.9942121155 

STD  ERROR:  0.151250838 

COEFFICIENTS 

T  STATISTICS 

"22.1228 

“1.774 

“0.6279 

“0.2353 

"0 .0471 

“2.766 

“0.2588 

“1.6669 

“1.713 

“1.58 

13.7342 

1 .6748 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN -WATSON'.  2.  55543799=) 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X-.  0  2 
RANGE  OF  Y\  “0.1  0.1 


51,7, 


1  .906 

1  .908  57268  1 

"0  .  002572681  461 

0.559 

0.6102116769 

"0.05121167687 

1  .435 

1  .  34  52  0251  2 

0  .  0897  9748  82 

0.939 

0,9711426710 

"0.  0321  4  2  r.  7177 

0.51 

0.4432836182 

0 . 066  716  9P18M 

1  .  243 

1  .  232421343 

0.01057865662 

1.102 

1  .  1  8316  5407 

“o.  08116 54 9 6 7^ 
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Z+S 2  REGRESS  XI  ,X2  tX3  ,X4  ,X5*  +  5 


A  NO  VA 

SOURCE  DF  SUH  SQUARES  MEAN  SQUARE  F -RATIO 

REGRESSION  5  1.5999500  3.1908£"l  2.1809/?  +  ! 

RESIDUAL  1  1 . 46 72/?"" 2  1.4672/T2 

TOTAL  6  1.6146/70 

R  SQUARE:  0.9909129315 
STD  ERROR:  0.1211277809 

COEFFICIENTS  T  STATISTICS 
"28.5988  "2.8636 

"1.4806  "0.6927 

“0.0496  “3.6376 

“0.3276  “2.6344 

“1.9223  “2.2139 

17.4721  2.6605 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 

N 

DURBIN -WATSON:  2.555437999 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  02.5 
RANGE  OF  Y :  “0.08  0.08 


52,2 


2.025 

2.027060307 

“0 . 002060307243 

0.612 

0.6530123796 

“0.04101237063 

1 .442 

1.370086544 

0.07101345607 

0.887 

0.01274115 

“0.02574115001 

0.502 

0. 4485708263 

0.05342017360 

1.115 

1  .  1065281  84 

0.008471815565 

1.126 

1  .  191000600 

“0. 0650006(3865 

24-5  3  REGRESS  XI  ,  X2  ,  X3  ,  *4  ,  X5  *  *  5 


A  MO  VA 


SOURCE 

DF 

SUM  SQUARES 

MEAN  SQUARE 

F-RATIO 

REGRESSION 

5 

1 .1445500 

2 . 28  90S"l 

8 .4198500 

RESIDUAL 

1 

2.71855"2 

2.7185S"2 

TOTAL 

6 

1 . 171750 

R  SQUARE i 

0.9767975572 

STD  ERROR'. 

0 .1648799783 

COEFFICIENTS 

T  STATISTICS 

"8. 

896 

"0.6544 

1  . 

114 

0.3829 

“0  . 

0341 

"1. 8366 

“0. 

0925 

"0.5462 

“0. 

5579 

“0 .472 

5  . 

2572 

0.5881 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -COVAPTANCF  MATRIX? 
N 

DURRIN-WATSON :  2.555437999 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  Xi  0.4  1.8 
RANGE  OF  Y:  “0.1  0.1 


S3  ,Z 


1.707 

2.027060307 

"0  ,  002060307243 

0.559 

0.6530123706 

"0 . 04101  237063 

1  .  49 

1  .370086544 

0  .  071  01  34  5607 

0.077 

0.01274115 

‘0.025741 1 5001 

0.525 

0 . 4U857032P3 

0.05342^17361 

1.212 

1  .106520184 

0 . 008471  815565 

1.137 

1  .  1  01000600 

‘0. 06500060865 

■1 

■I 
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3 


4 


7,+S 4  REGRESS  XI  , *2 , £3 , *4 , *5  * » 5 


A  NO  VA 

SOURCE 

DF 

SUM  SQUARES 

MEAN  SQUARE 

F -RATIO 

REGRESSION 

5 

1 . 3887500 

2 . 7  7  7  55” 1 

1.34545+1 

RESIDUAL 

1 

2 . 06445“2 

2 . 05  445” 2 

TOTAL 

6 

1 . 409450 

R  SQUARE !  0.9853521321 

STD  ERROR s  0.1435812995 


COEFFICIENTS 

T  STATISTICS 

“20 . 7098 

”1  .  7482 

”0 .443 

”0.1747 

*0 .0443 

“2.7428 

“0.2366 

”1 . 6036 

”1.4627 

”1 . 4201 

12.6821 

1.628 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE- CO  VARIANCE  MATRIX? 
N 

DURBIN -WATSON'.  2.555437999 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PRFDICTFD  Y? 

Y 

RANGE  OF  X'.  0  2 
RANGE  OF  Y\  “0.1  0.1 


54,2 


1.892 

1.894443928 

0. 0024  4  3928386 

0 .577 

0.  P256487241 

“0. 04864072413 

1.452 

1  .  36669654 

0.  08  530346001 

0  .  9J  1 

0.  96  1  534051  4 

”0.03053405136 

0.51 

0  .  446622  52  34 

0.06337747663 

1.188 

1  .  177950766 

0 . 01004923445 

1.12 

1.197103467 

'0.07710346747 
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spra??j»i,' 


Z«-S 1  REGRESS  •(  ,Y1  ,  X2  ,  X3  ,  £4  .  XS  *  ♦  5  ) 


A  NO  VA 

SOURCE  DF  SUM  SQUARES  MEAN  SQUARE  F 'RATIO 

REGRESSION  5  1.4007500  2.80145_1  5.8011500 

RESIDUAL  1  4, 8291  S' ”2  *+.82915  2 

TOTAL  6  1.449050 

R  SQUARE :  0.9666728451 

STD  ERROR :  0.2197530645 

COEFFICIENTS  T  STATISTICS 
0.2234  0.0498 

2.1264  1.6695 

“0.4718  "2.0453 

"0.5841  "0.4264 

"0.6856  "0.4362 

5.5396  0.5368 

DO  TOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 

N 

DURRIN-WATSON :  2.409325477 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  REST  DUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  Xi  0  2 
RANGE  OF  Yi  "0.15  0,15 


51,2 
1.906 
0.559 
1 . 43  5 
0.939 
0.51 
1.243 
1.102 


1.835778593 

0. 6166087492 

1.376130584 

1.011555822 

0.3884127952 

1.23518995 

1 . 230374^97 


0.07022140706 
“0 . 0576087492 
0.05886941571 
"0. 072555821 R6 
0.1215872048 
0.007811950408 
“0.128374507 
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Z+S2  REGRESS  •(  XX  tX2  ,  Jlf3  ,  *4  ,  ATS  *  *  5  ) 


A  NOV  A 


SOURCE  DF 
REGRESSION  5 
RESIDUAL  1 
TOTAL  5 


SUM  SQUARES 
1 . 5570000 
5.757O0“2 
1.614600 


MEAN  SQUARE 
3.11  410*"  1 
5.757O0"2 


F-RATIO 
5 . 4091000 


R  SQUARE :  0.9643437624 

STD  ERROR:  0.2399383216 

COEFFICIENTS  ?  STATISTICS 
“1.9553  “0.3991 

2.1487  1.5451 

”0.4127  “1.6387 

“1.1114  “0.7431 

“0.7317  “0.4264 

9.6729  0.8585 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
I V 

DURBIN -WATSON :  2.409325477 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0  2 
RANGE  OF  Y:  “0,15  0.15 


02.3 


2 . 025 

1 .048329457 

0 . 076671  54308 

0.612 

0 .6749003587 

“0 .06290035874 

1.442 

1  .  377723177 

0.06427682286 

0.887 

0.0662203838 

“0 . 07122038304 

0  .502 

0.3612444014 

0.1327555086 

1.115 

1  .10647  1471 

0.008528520834 

1.126 

1  .  2661  11661 

“O  .  101  11  6  600 

kl 
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7.+S 3  RFGRFSS  •(  XI  .  X2  .  *3  .  V4  ,  ,Y5  *  ♦  5  ) 


A  NO  VA 

SOURCE  OF  SUM  SQUARES  MEAN  SQUARE  F-RATIO 

REGRESSION  5  1.1  506/70  0  2. 3  01 2/7"  1  1.0  92  9/7  +  1 

RESIDUAL  1  2 . 1 0  5  7  if7~  2  2.1057?  2 

rflZM/i  6  1.1717/70 

» 

/?  SQUARE i  0.98  20  281748 
S7*D  ERROR'.  0.1451099388 

COEFFICIENTS  T  STA^ETICS 
2.530-  0.8541 

1.859  2.2104 

*0.4898  “3.2157 

0.3851  0.4258 

0.3374  0.3251 

“1.1279  “0.1655 

DO  /<?£/  MV?  4  PRINTOUT  OF  THE  VAR  IANCE  -  COVARIANCE  MATRIX? 

N 

DURBIN -WATSON'.  2.409325477 

DO  YOU  WANT  TO  FORECAST  A  'rALUE  FO *  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  P*EDTC*F0  Y? 

Y 

RANGE  OF  X:  0.4  l.R 
r>ANGE  OF  Y '.  “0.*  0.1 


53  Z 

1.707  ’J  1.600630571  0.04030942863 

0.559  0.397040P396  "0.03804088963 

1.40  1.451126652  0.03887334783 

0.977  1.024910917  "0.04791091717 

0.525  0.444712101  0.08028789902 

1  .  21  2  1  .  2008421  1  5  0 . 00 5  1  5 7 8 8  5  1  1  4 

1.1)7  1.221730754  "0.08479075399 


83 


l+S 4  REGRESS  »(X1  ,JT2 ,13  ,JT4  ,AT5*»5  ) 


A  NOVA 


SOURCE  DF 
REGRESSION  5 
RESIDUAL  1 
TOTAL  6 


SUM  SQUARES 
1. 3672200 
4.214  42*2 
1 . 409420 


MEAN  SQUARE 
2.73452*1 
4 . 21442*2 


F -RATIO 
6 . 4884200 


R  SQUARE s  0.9700973306 
6TZ?  ERROR'.  0.2052901061 

COEFFICIENTS  T  STATISTICS 


0.0927  0.0221 

2.0585  1.73 

*0.4563  *2.1175 


*0.5009  *0.3914 

*0.4159  "0.2833 

5.1473  0.5339 

DO  IOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 
N 

DURBIN -WATSON'.  2.409325477 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y ? 

Y 

RANGE  OF  Xi  0  2 
RANGE  OF  Yi  *0.15.  0.15 


S4,Z 


1 .892 

1 .8264001  86 

0.06559981375 

0.577 

0.6308172528 

*0.05381725282 

1.452 

1.397^  50  5  3 

0 . 05499494909 

0.931 

0, 998  ',80  59 

*0.06778058998 

0.51 

0 .39641  50076 

0.1135849924 

1,188 

1,180703031 

0 . 007296969393 

1.12 

1.239878882 

*0. 1198788818 
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Z  +  ( *51 )  REGRESS  •( XI , X7 , X 3 , *4 , XS * 4 5 ) 


A  NOVA 

SOURCE  DF  SUM  SQUARES  MEAN  SQUARE  F-RATIO 

REGRESSION  5  1.3959E00  2.7917tf"l  9. 37422+1 

RESIDUAL  1  2.97812"3  2.978l£"3 

TOTAL  6  1.398820 

R  SQUARE :  0.9978710193 

STD  ERROR :  0.05457208236 

COEFFICIENTS  T  STATISTICS 
1.6348  1.4672 

2.0404  6.451 

'0.5666  '9.8921 

0.2512  0.7383 

'0.1204  “0.3085 

“0.2792  “0.1089 

DO  YOU  WANT  A  PRINTOUT  OF  THE  V ART ANCF, -COVARIANCE  MATRIX? 

N 

DURRIN-WATSONi  2.409325477 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

V 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X ;  “0 . 8  0.8 
RANGE  OF  Yi  “0.04  0.04 


0 


11+ 

7  lp( ( *1 ) *ZC  » 1  ]  ) 

s  1. 

Zr,(51-ZD 

1.906 

1 . 873050652 

0.03294934799 

0.559 

0,5670546392 

‘0.008054639232 

1.435 

1 .414173967 

0 . 02082603281 

0 .939 

0.9560722943 

“ 0 . 01707229  u 31 

0.51 

0.4948311169 

0.01516888111 

1 .243 

1 .240591232 

. 0  .  002408768246 

1.102 

1.137683304 

"0.03568330369 

SSI 

+  (  Sl-7,1 )  *7 

5ff-+/l  loSSI 
SF 

0 . 00338491 8903 
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Z+-(  *52  )  REGRESS  •(  XI  .  X2  ,  X3  a1*  .  *5  *  *  5  ) 


A  NO  VA 


SOURCE  DF 
REGRESSION  5 
RESIDUAL  1 
TOTAL  6 


SUM  SQUARES 
1 . 3  86 1 £0  0 
2. 03405"3 
1 . 3882F0 


MEAN  SQUARE 
2 . 77225"l 
2 . 0340f"3 


F -RATIO 
1 .36295+2 


R  SQUARE t  0.998534731 
SfD  ERROR:  0.04510013801 


COEFFIC TENTS 

*  STATISTICS 

0 . 2476 

0. 2688 

2 . 2146 

8.4723 

“0 . 4667 

"9.858 

"0 . 0764 

"0.2718 

“0 . 0462 

"0.1433 

2 . 0998 

0.9914 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 
N 

DURB IN -WATSON :  2.409325477 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  "l  1 
RANGE  OF  Y:  “0.03  0.03 


ZI+ 7 

lp  ( (  *1 )  *ZC  ;  1  ]  ) 

52.  ZI 

AS7-ZI) 

2.025 

1 . 996025777 

0 . 02897422331 

0.612 

0.6192786809 

"0 . 007278680929 

1  .  442 

1.424682826 

0. 01731717406 

0.887 

0.9003068819 

"0. 01330688194 

0.502 

0. 4896283617 

0.0123716383 

1.115 

1 .113214009 

0  .  001  78  5990679 

1.126 

1 . 156048466 

"0.03004846575 

55I-( 

S2-ZI) *2 

5E++/1  IpSSI 
SE 

0.002428599928 


36 


Z*(«S3)  REGRESS  •(  *1  .  *2  ,  X3  ,  ,Y4  ,  *5  *  ♦  5  ) 


\ 

l 


b 


SOURCE 

DF 

A  NOVA 

SUM  SQUARES 

MEAN  SQUARE 

F  -RATIO 

REGRESSION 

5 

1  .  2 5 2 2/700 

2.5045£"l 

1 . 4  3  8  2  i?  +■  3 

RESIDUAL 

1 

1 . 7414£“4 

1 ,7414P‘4 

TOTAL 

6 

1 . 2  5  2  4S0 

1 


/?  SQUARE'.  0.9998609606 
STD  ERROR'.  0.01319604426 


COEFFICIENTS 

T  STATISTICS 

2.8103 

10.4302 

1 .7547 

22.9416 

“0 . 5895 

"42 . 5634 

0 . 8029 

9.7613 

0.5075 

5.3767 

"3 . 939 

"6.3564 

DO  yoo  ^JVf  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN -WATSON'.  2.409325477 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUA LS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X\  “0.8  0.6 
RANGE  OF  Yi  “0.01  0.01 


0 


1 

S 

■i 


ZI+ 7 

lp((  *1) 

i — i 

H 

t-J 

* 

S3 ,  zr 

,  ( S3  -zr ) 

1.707 

1 . 699817154 

0.007182845697 

0.559 

0.5609371377 

"0.001937137671 

1.49 

1 . 484742038 

0 . 00525796162 

0.977 

0.9812660122 

"0 . 004266012197 

0.525 

0.5211808077 

0,00381919226 

1.212 

1 . 211431646 

0.000568354156 

1.137 

1.145795353 

"0. 008795352767 

SSI*-(S’i-ZI)*2 
SR*-*/ 1  7  oSST 
SE 

0.0001934582814 
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■Jr*'— raaaKrwHtt 


Z+CSu)  REGRESS  •  (Xl,Jf2,jr3,Jf4#JK5**5) 


A  NO  VA 


SOURCE  DF 
REGRESSION  5 
RESIDUAL  1 
TOTAL  6 


SOU  SQUARES 
1 . 3476500 
1 . 50685"3 
1 . 349150 


MEAN  SQUARE 
2.69525“l 
1 . 50685"3 


F -RATIO 
1 .78865+2 


R  SQUARE !  0.998883066 

STD  ERROR :  0.03881813374 

COEFFICIENTS  T  STATISTICS 


1.4651  1.8485 

2.0279  9.0135 

“0.5382  “13.2096 

0.2827  1.1685 

0.0741  0.2668 

“0.4211  "0.231 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURB IN-WATSON'  2.409325477 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 


Y 

RANGE  OF  X:  “0.8  0.8 
RANGE  OF  Y:  “0.03  0.03 


2/- 7 

lo( <  *1 >*2C  }1  ]) 

54,21 

,(54-21) 

1  .  892 

1 . 868676184 

0.  02332381  64  4 

0 .577 

0.5829016791 

'0. 0059016791 

1.452 

1 . 436978963 

9. 0150210367 

0.931 

0.9430090241 

“0. 01200902406 

0  .51 

0 . 499163  1  P  r>3 

0. 01083683069 

1.188 

1 . 106361954 

0  .  001  63  004571  3 

1.12 

1.145677064 

“0.02567786354 

ssr+( 

54-21 ) *2 

55-+/ 1  loSS I 
SE 

0.001729151201 
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l+S 1  REGRESS  l«(Xl,X2(X3tX4tXS*«S) 


A  NOVA 


SOURCE  DF 

SUM  SQUARES 

MEAN  SQUARE 

F -RATIO 

REGRESSION  5 

1.4355500 

2.871 05”l 

2.12825+1 

RESIDUAL  1 

1 . 34905“2 

1 .34905*2 

TOTAL  6 

1 . 449050 

R  SQUARE'.  0.9906900953 

STD  ERROR :  0.1161471181 

COEFFICIENTS 

T  STATISTICS 

2 .069 

0.6726 

"l . 3901 

"2.6827 

8 .6761 

3.9504 

“6.1385 

“0.7736 

“0.1118 

“0 . 0899 

1.3895 

0.1577 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 


N 

DURB IN -WATSON \  1.851122569 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 
Y 

RANGE  OF  X :  0.4  2 
RANGE  OF  Yi  “0.08  0.06 


O 


Si, 7. 


1  .906 

1 . 85?462"P4 

0.05353701608 

0.559 

0.5499603954 

0 . 00903'5604597 

1.435 

1 . 435210564 

“0.0002105636372 

0.939 

0.993398r'501 

“0.05430395007 

0.51 

0.4532124921 

0.05678750793 

1.243 

1 . 241 7 504 t3 

0.001249581086 

1.102 

1 . 168004196 

“0 . 06600419598 
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I 


1 1 


Z+S 2  REGRESS  1  ♦  (  XI  ,X2  ,  *3  ,*4  ,X5**5  ) 


A  NO  VA 


S,  I 


SOURCE  DF 

SUM  SQUARES 

REGRESSION  5 

1. 5820^00 

RESIDUAL  1 

3.  ?5942,“2 

TOTAL  6 

1 . 61  46/70 

R  SQUARE s  0.9798127011 

STD  ERROR s  0.1805389721 

COEFFICIENTS 

T  STATISTICS 

4.8461 

1.0135 

“1.5432 

“1.916 

7.5585 

2  .  2141 

“1 . 0158 

“0.0824 

“0.3269 

“0.1691 

“4.9768 

“0 .3633 

MEAN  SQUARE 
3  . 1640JT1 
3.2594£“2 


F -RATIO 
9 .7072£00 


fc' 


N 

DVRPIN-WATSCNt  1.851122569 

D0  yc?£/  (M/Vf  7(9  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 
Y 

RAN  OR  OF  Xt  0  2 
RANGE  OF  Yi  ”0.15  0.1 


It-'; 

2.025 

1 .941782112 

C. 08321788788 

m 

0.612 

0.597948847 

0. 01405115296 

Uc  '  J 

1 .442 

1 . 4*123  27  3 

“0. 00032729992 

1,4  1 

<1  j 

0.887 

0.9715576773 

"0. 084S5767727 

.! 

0 .502 

0.4137235506 

0 . 08827044937 

i  4 

1.115 

1 .113057652 

0.001942347676 

1.126 

i . 223596861 

"0, 1025966607 
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Z+S 3  REGRESS  1 ♦ ( XI . X2 , *3 , X4 , XS * ♦ 5 ) 


A  NOVA 

SOURCE 

DF 

SUM  SQUARES 

MEAN  SQUARE 

F -RATIO 

REGRESSION 

5 

1. 1716000 

2.3432 0"l 

5 . 78000+3 

RESIDUAL 

1 

4. 0541£“5 

4.0541 E~ 5 

TOTAL 

6 

1.171700 

R  SQUARE :  0.9999653991 

STD  ERROR:  0.006367144447 

COEFFICIENTS  T  STATISTICS 
”0.6995  “4.1479 

“1.0298  “36.2544 

9,1496  75.9947 

“13.6186  “31.3075 

”1,2258  “17.9807 


9.2415  19.131 

DO  YOU  WART  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURB IN -WATSON :  1.851122569 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X :  0.4  1.8 
RANGE  OF  Y:  ”0.004  0.004 


5  3.7 


1.707 

1 . 709434881 

"0. 002934880659 

0.559 

0.559495546 

"0. 00040554799 

1 . 49 

1 , U69Q98457 

0 . 00001154302513 

0.977 

0.9740178684 

0. 00248213158 

0.525 

0.5281130715 

“0. 00 3113071494 

1.212 

1 . 212068502 

“0. 00006850160229 

1.137 

1.133181673 

0 . 00  36  183271  37 
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2+S4  REGRESS  1 ♦( *1 , *2 , *3 .*4 ,*5* *5 ) 


A  NOV  A 


SOURCE  DF 
REGRESS  TOR  5 

RESIDUAL  1 
TOTAL  6 


5*‘M  SQUARES 
1 . 39865 00 
1 . 0  814  E~ 2 
1 . 40  9  450 


WEAR  SQUARE 
2 . 7  9  7 1 5“ 1 
1 .08145“2 


F -RATIO 
2 . 58665+1 


ff  SQUAREi  0.9923271201 
STD  ERROR :  0.1039901585 

COEFFICIENTS  T  STATISTICS 
2.2872  0.8304 

“1.3442  “2.8974 

8.4112  4.2775 

“6.3906  "0.8995 


“0.U979  “0.4472 

1.3043  0.1653 

DO  YOU  WART  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 
N 


DURBIN -WATSON i  1.851122569 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 
Y 

RANGE  OF  X\  0.4  2 
RANGE  OF  Yi  “0.06  0.06 


54  ,Z 


1  >892 

1 . 84406663 

0 . 04793337006 

0.577 

0.5689065584 

0 . 008093441584 

1.452 

1.452188524 

"0. 0001885242314 

0.931 

0.9797050866 

“0. 0487050866 

0.51 

0. 4591563626 

0.05084363738 

1.188 

1.186881211 

0. 001 118789147 

1.12 

1 . 173095627 

“0. 05909562735 
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Z<-(  l*.’l)  REGRESS  XI  ,X2  ,X2  ,*4  .  ATS  *  *  5 


A  NOVA 


SOURCE  DF 

SUM  SQUARES 

MEAN  SQUARE 

F-RATIO 

REGRESSION  5 

1.  8  3  4  3  E0  0 

3 . 6686E“l 

1 . 5089E+3 

RESIDUAL  1 

4. 8  8  5  8E" 5 

4. 88  58E" 5 

TOTAL  6 

1 . 8344E0 

R  SQUARE:  0.9999733655 

STD  ERROR:  0.00698 

0823635 

COEFFICIENTS 

T  STATISTICS 

"1.7183 

"2.9816 

"3. 4624 

"28.0717 

0 . 0362 

45.9891 

“0 . 0604 

"8 . 4164 

"0 . 2004 

"3.9998 

2.7103 

7.1516 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN-WAISON:  2.555438004 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.5  2 
RANGE  OF  Yi  “0.004  0.006 

I 

! 

I  • 


O  -  -  -  -  0 


o 


ZI*-7  lo((Z 

*"1)C ;1]) 

SI ,21.(51- 

ZI) 

1.906 

1.905568179 

0 . 0004318206845 

0  ,  559 

0.5582614356 

0 . 0007385644014 

1  .435 

1 . 443596702 

"0. 008596702468 

0 .939 

0.9376920903 

0 . 001307909*86 

0  .  51 

0.5108032046 

"0. 000803204616 

1 .243 

1 . 243755  B 

"0. 000755709*1*5 

1  .102 

1 .097463582 

0 . 004536418307 

SSl4-(S\-?,I)*2 
SE<-  +  /1  loSS I 
SF 


0.00000814132032 
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Z«-(1*S2)  REGRESS  XI  ,X2  , #3 , *4  , £5  *  ♦  5 


A  NOVA 


SOURCE 

OF 

SUM  SQUARES 

MEAN  SQUARE 

F-RATIO 

REGRESS  TON 

5 

1 . 6947E00 

3.389Uff“ 1 

5 .9754F  +  1 

RESIDUAL 

1 

5 . 6  7  2  3  F" 3 

5 . 6723F"3 

TOTAL 

6 

1  .  7004FO 

R  SQUARE :  0.9966641189 

STD  ERROR ;  0.07531465437 


COEFFICIENTS 

T  STATTSTICS 

"3.1199 

"0  .  5024 

"4.3948 

"3 .3069 

0.0251 

2 .9624 

"0.0858 

"l  .1094 

"0.533 

"0.9873 

4.1525 

1  .  0169 

DO  rot/  M.VT  /l  PRINTOUT  OF  THE  VARIANCE- COVARIANCE  MATRIX? 
V 

DURB  IN -WATSON  \  2.55  5438 

DO  1’OU  WANT  TO  FORECAST  A  VALUE  FOR  X? 

N 

DO  XOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  X? 

X 

RANGE  OF  Xi  0  2 
RANGE  OF  Xl  "0.06  0.06 


ZI.*-7 

1  p (  (Z*"lH  ;  1  ] ) 

52  %ZI 

AS2-ZI) 

.025 

2 .019760466 

0 . 005239533573 

.612 

0.6025956641 

0.009404335855 

.442 

1 . 541385953 

"0.09938535324 

.887 

0. 8745837991 

0.01241620089 

.502 

0. 5105138389 

"0 . 008513839947 

.115 

1 .121587494 

"0  .  0065  974943  11 

.126 

1 . 076988001 

0.04901199894 

5SI*-( 

S2-ZI)*2 

S£>+/1  7 o SSI 
SE 

0.0126655613 
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?M  1 »S3 )  REGRESS  XI ,X2tX3 tX*,X$  +  *5 


At!  OVA 


SOURCE  DF 
REGRESSION  5 
RESIDUAL  1 
TOTAL  6 


SW<  SGiMSSS 
1 . 700  4/700 
7 . 74  7  5 5" 5 
1 . 7005S0 


MEdtf  SQUARE 
3. 4009/7*1 
7 . 7  47  5  £" 5 


P-fl4WO 
4 . 38965+3 


ff  SQS/lflS:  0.99995444 

STD  ERROR :  0.008802009025 

COEFFICIENTS  T  STATISTICS 


4.8033  6.6186 

"3.4655  "22.3121 

0.0343  34.6241 


“0.0995  *11.0133 

"0.5196  “8.2353 

4.5826  9.6025 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN -WATSON :  2.555437995 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS  PREDICTED  Y? 

Y 

RANGE  OF  X:  0,4  2 
RANGE  OF  Y :  "0.006  0.006 


0 


8  -  -  - 
8 


9 

8 


H +1  lo((Z 

*"i )[ ; 1  ] ) 

S3 , ZX , ( 53  - 

21) 

1.707 

1 . 707436364 

“0. 0004363639887 

0.559 

0. 5599328282 

“0 . 0009328281771 

1 . 49 

1.478487937 

0.011 51206347 

0.977 

0.9787887532 

“0. 001788753224 

0  .525 

0. 5239320481 

0. 0010*7951892 

1.212 

1. 211096357 

0  .  0  0  0  9  0  *»  6  4  2  7  9  8  5 

1.137 

1.149139259 

"0.00*1.  0259309 

SSI«-(  S3 -?,D  *2 
S£<-+/ 1  7 oSST 
SE 


0 . 0001764354227 


2«-(l*54)  REGRESS  XI ,X2  tX3 .XU ,XS**S 


A  NOV  A 


SOURCE  DF 
REGRESSION  5 
RESIDUAL  1 
TOTAL  6 


SUM  SQUARES 
1 . 746 8 £00 
8.6799£"4 
1 .7477E0 


MEAN  SQUARE 
3.4937£'l 
8 . 6799£"4 


F -RATIO 
4.02  50/7  +  2 


R  SQUARE :  0.9995033557 

STD  ERROR:  0.02946168207 


COEFFICIENTS 

T  STATISTICS 

"3.1456 

"1.295 

"3.8227 

"7.3531 

0.0317 

9.5566 

"0.081 

"2,6779 

"0.4106 

"1.9443 

3.7913 

2.3735 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN -WATSON:  2.555438 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.5  2 
RANGE  OF  Y:  "0.02  0.02 


• 

0 

41 

0 

0 

zr-*-7 

lo  < ( Z *"l ) t ; 1 3 ) 

54,21,(54-21) 

1 .892 

1 . 890207841 

0.001792159146 

0.577 

0.5736979175 

0 . 003302082528 

1.452 

1 .489838136 

"0. 03783813559 

0.931 

0.9256046821 

0.005395317879 

0.51 

0.5134026762 

"0 . 003402676222 

1.188 

1.19091533 

"0 . 02915329706 

1.12 

1 .100513022 

0 .0194869781  5 

SSI - 

(54- ZJ) *2 

5£«-+/l  7o SSI 
SE 

0.001874769213 
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mbm-  .iinac,’  rrssagae  s.t.M  tsuass: 


Z«-(  SI  *  ♦  2)  REGRESS  XI ,  X2  ,  *3  ,  *4  ,XS  *  ♦  5 


A  NO  VA 

SOURCE 

DF 

SUM  SQUARES 

MEAN  SQUARE 

F  -RATIO 

REGRESSION 

5 

3.  8  63  8S~1 

7.7275S"2 

1 .9962E+2 

RESIDUAL 

1 

3 . 8711 F~ 4 

3.8711  £“”4 

TOTAL 

6 

3. 8676S“1 

P  SQUARE'.  0.9989991025 
STD  ERROR s  0.01967510062 

COEFFICIENTS  T  STATISTICS 


2 

‘1, 
0, 
0, 
0, 
'o , 


5452 

2153 

0184 

006 

1161 

511 


1 

’3 

8 

0 

0 

’0 


5689 
5005 
3058 
2974 
823  5 
479 


DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN -WATSONx  2.555437997 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  I? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  I? 

I 

RANGE  OF  X s  0.6  1.6 
RANGE  OF  I;  “0.015  0.015 


O 


o 


o 


o 


0 


o 


o 


ZI<-  7 

lo ( ( Z*“2  )  C il]) 

SI ,  7.1 

.(SI -7.1) 

1 .906 

1 . 907762466 

"0 . 001762465989 

0.559 

0.5646103533 

“0.005610353285 

1.435 

1 . 395667686 

0.03933231396 

0.939 

0.9466555328 

“0.007R55532789 

0.51 

0. 503736542 

0.006263457950 

1.243 

1 . 239194707 

0.003805292571 

1  .1  02 

1 . 126840516 

“0.02484051581 

ssr*( 

SI  -ZD* 2 

SE++/1  loSSI 
SE 

0.002310982837 
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I 


Z+(  52  *  *"2 )  REGRESS  XI  ,  X2  ,  *3  , *4  ,  *5  * ♦  5 


A  NO  VA 


SOURCE  PF 
REGRESS TOU  5 

RESIDUAL  1 
TOTAL  6 


SUff  SQUARES 
3 . 68475“l 
5 . 02  2 1 5" 5 
3 . 68S25"! 


VfM.V  505/lffr 
7 . 3  6  9  4  £  "  2 
5 . 02215*5 


F  -RATIO 
1 . 46745+3 


R  SQUARE :  0.9998637232 

570  ERROR:  0.00708668237 

COEFFICIENTS  T  STATISTICS 


2.7384 
”1.4461 
0 . 0147 


4.6866 

"11.5643 

18,4405 


0.0039  0.5415 

0,0129  0.2536 

"0.3913  "1.0183 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX ? 
N 

DURBIN -WATSON :  2.555438004 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X :  0.6  1.6 


RANGE  OF  Y:  “0.004  0.006 


0 


11+ 7 

lo(<2*~2)[ ill) 

52,21 

,(52-21) 

2 .025 

2 . 024305474 

0 . 0006945256332 

0.612 

0.6097088633 

0 . 002291136676 

1 . 442 

1 . 456682144 

"0.01468214382 

0.887 

0. 8844891513 

0 . 002510848688 

0.502 

0. 5C42310488 

"0. 002231048825 

1.115 

1.116168047 

"0. 001168046685 

1.126 

1.116966985 

0 . 009033015016 

SSI-( 32-ZI) *2 
SE++  /  1  RoSS  I 


SE 

0.0003155385536 


Z**(S3*4"2)  REGRESS  XI  ,  X2  ,  X2  ,  *4  ,X5  *  ♦  5 


A  NOVA 

SOURCE  DF  SUM  SQUARES  MEAN  SOUAR '  '■ RATIO 

REGRESSION  5  3.54225“l  7.0844E".  '  u  29 

/?£5ID(/4L  1  6.4823ff"4  6.48235“4 

TOTAL  6  3.5487  E“ 1 

/?  5<3£M/?5:  0.9981733045 

STD  ERROR :  0.02546044814 

COEFFICIENTS  T  STATISTICS 
0.0555  0.0264 

“1.3965  “3.1085 

0.0164  5.7321 

“0.0255  “0.9744 

“0.1223  “0.67 

1.0487  0.7597 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 

N 

DURRIN-WATSON'.  2.555437998 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X\  0.6  1.4 
RANGE  OF  Yi  "0.02  0.015 


7,1 +-1  1  p ( (Z*'2)C  ;  1 1 ) 
53,21,(53-21) 


1 . 707 

1.708933318 

“0.001933318086 

0.559 

0 . 5862781163 

“0.007276116315 

1  .49 

1.436500502 

0 . 05349940764 

0 .977 

0 .98753457U9 

“0 . 6053457494 

0.525 

0.5165590017 

0.008440998275 

1.212 

1 . 207261868 

0.004738131874 

1.137 

1 .17086746 

“0.03386745976 

SSI*-(S  3 

-ZI)*  2 

S5«-  +  /l  7 oSSI 
SE 

0 .004270558281 


Z«-(  S4  * ♦ “ 2  )  REGRESS  XI  ,  X2  ,  X3  ,*4  ,*5**  R 


AND  VA 

SOURCE  DF  SUM  SQUARES  YEAN  SQUARE  F -RATIO 

REGRESSION  5  3.7065ff“l  7.4130ff“2  B.  2498£+2 

RESIDUAL  1  1.186l£*4  1.186ir“4 

TOTAL  6  3.7077ff"l 

R  SQUARE s  0.9996800938 
STD  ERROR:  0 . 01089085959 

COEFFICIENTS  T  STATISTICS 
1.92  2.1382 

"1.3532  "7.0413 

0.0166  13.5126 

“0.0034  "0.3073 

0.0139  0.1783 

"0.0334  "0,0566 

DO  IOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 

N 

DURB IN -WATSON :  2.555437996 

DO  IOU  WANT  TO  FORECAST  A  VALUE  FOR  y? 

N 

DO  yOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  y? 

y 

RANGE  OF  X:  0.6  1.6 
RANGE  OF  X:  "0.008  0.006 


zr<-7  io((z+”2)C ;  13) 

54,ZI.(54-ZI) 

1.892  1.892964558  “0.0009645580917 

0.577  0.5802460494  '0.03246049377 

1.452  1.420635657  0.02236434331 

0.931  0.9351721303  “0.00417213034 

0.51  0.5065186153  0.003481384695 

1.188  1.186020805  0.001070195404 

1.12  1,13308418  "0.01308417092 

SSI  +  (  J4-ZI)*2 
SE+-  +  / 1  loSSI 
SE 

0 .0007405967294 


100 


Z+S 1  REGRESS  ( 2 * XI *X4 ) , ( 4 *X2 *  1 ♦ 2 ) , ( ( *5 ♦ *3 ) *  1 » 2 ) 


AJTOtM 

SOURCE  DF  SUM  SQUARES  MEAN  SQUARE  F- RATIO 

REGRESSION  3  1.3526000  4.5088£’l  1.40350+1 

RESIDUA L  3  9.63780"’2  3.21260“2 

TOTAL  6  1 , 449000 

R  SQUARE s  0.933487063 
0rD  ERROR:  0.17923  72  431 

COEFFICIENTS  T  STATISTICS 
0.5362  0.7998 

0.4507  2,74 

1.1815  3.7878 

*0.9973  *2,1885 

DO  you  WANT  A  printout  of' trf  vartance-cova°iancf  matrix? 

N 

DURRIN "WATSON:  1.492834464 

DO  you  WANT  TO  FORECAST  A  VALUE  FOR  y? 

N 

DO  you  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  I? 

y 

RANGE  OF  X:  0.4  1.8 
RANGE  OF  X:  ~0. 2  0.2 


0 

-  o 


S  1,2 


1.906 

1 . 756426099 

0 . 1495739014 

0.559 

0. 5210857222 

0.03791427776 

1 . 435 

1.561861667 

"0.1268616666 

0 .939 

1 . 103710431 

"0. £47104006 

0.51 

0 . 403782652? 

n . 016  /17U 4  784 

1  .243 

1. OR  6. 95845  3 

0.1560415466 

1.102 

1.170675016 

"  9 . 0  6  6  fi  7  5  0  1  6  U  6, 

Z+S 2  REGRESS  (  2*JT1  **4  ) .  (  4  **2  *1  ♦  2  )  ,(  (  T5  *JT3  )*1  *2  > 


A  NOVA 

SOURCE  OF  SUM  SQUARES  MEAN  SQUARE  F •RATIO 

REGRESSION  3  1.4998F00  4.9994F‘l  1.3068F+1 

RESIDUAL  3  1.1477F“l  3.8258F‘2 

TOTAL  6  1.6146F0 

R  SQUARE'.  0.9289143785 
STD  ERROR:  0.1955969662 

COEFFICIENTS  f  STATISTICS 

0.1185  0.162 

0.5471  3.0478 

1.0069  2.9581 

‘0.847  ‘1.7033 

DO  IOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 

N 

DURBIN -WA TSON :  1.296471296 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.4  2 
RANGE  OF  Y:  ”0.2  0.2 


52,2 


2.025 

1 . 840810071 

0 . 1841899287 

0.612 

0.6011698712 

0 . 01083012877 

1.442 

1 , 608561 

‘0. 1665609997 

0 . 887 

1  .  06  552501  5 

‘0. 17852501 53 

0.502 

0.4477593823 

0.  054240  6  1  7  f=  9 

1.115 

0 .9846729568 

0. 1303270432 

1.126 

1.160501703 

‘0.03450170338 
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Z*S3  REGRESS  ( 2*X1*X4 ) ,( 4*X2*1 *2 ) , ( ( XS*X3) *!♦ 2 ) 


A  NOV  A 


SOURCE  DF 
REGRESSION  3 
RESIDUAL  3 
TOTAL  6 


SUM  SQUARES 
1. 1468200 
2. 4895ff"2 
1. 1717E0 


SQUARE 
3  .  8 2 2 6ff”  1 
8 . 2984ff“3 


F-RA TIO 
4.6064fftl 


R  SQUARE :  0.978752256 

STD  ERROR’.  0.09109548491 

COEFFICIENTS  T  STATISTICS 
0.8934  2.6222 


0.4386  5.2463 

1.1298  7.1266 

“1.1242  *4.8538 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURRIN -WATSON'.  1.903207432 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X'.  0.4  1.8 
RANGE  OF  Yi  *0.1  0.1 


53,2 


1.707 

1 . 65157479 H 

0 .05542520401 

0.559 

0 . 520570653 

0 . 03842934701 

1 . 49 

1.534377125 

“  0  . 04437712544 

0.977 

1 . 053076502 

"0. 07607659174 

0.525 

0,544095763 

“0.01909576301 

1.212 

1 , 11 4383706 

0.09761629361 

1.137 

1.189921365 

“0.05192136465 
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2«-S4  REGRESS  (  *4  )  ,  (  4  ♦  X2  *1  ♦  2  )  ,  (  (  *5  tXZ  )  *1  ♦  2 ) 


$ 

fc. 


SOURCE 

DF 

4/V0  74 

5£W  SQUARES 

MEAN  SQUARE 

F-RATIO 

REGRESSION 

3 

1.3354500 

4 . 4  5 1 3  5“  1 

1 . 8050Evl 

RESIDUAL 

3 

7. 39  8  25*2 

2 , 46 6 15“ 2 

TOTAL 

6 

1 . 409450 

I?  SQUARE :  0.9475074247 

570  ERROR'.  0.1570367694 

COEFFICIENTS  T  5747157705 
0.4859  0,8272 


0.4814  3.3405 

1.1057  4.0457 

*0.979  *2.4521 

DO  YOU  WANT  A  PRINTOUT  OF  THE 
N 


VARIANCE-COVARIANCE  MATRIX? 


DURP IN -WATSON'.  1.430730445 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 
Y 


RANGE  OF  Xi  0.4  1.8 
RANGE  OF  Y ;  ”0.15  0.15 


ft 


5 


O  o 


# 


o 

o 


54,3 


W  T  - 

1.892 

1 ,756601175 

0  .  1  3  53088248 

0,577 

0,5484520620 

0 . 02854703706 

1.452 

1  .  57003073 

“0 . 11803^7205 

0.931 

1 . 075558602 

“0. 1UU55RP013 

0.51 

0 . 40036601  2 

0 . 01063308707 

1.188 

1  .  0575  80300 

0 . 1304106000 

1.12 

1  .171311119 

"0 . 05131111046 
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SBSBsgWggS 'IJX  fflmSMrtWLLVimjl 


3+S1 

REGRESS 

(<<2*X1)*2)**4) 

,<4*JT2*1*2)  , 

((*3f*S)*l*2) 

A  NOV  A 

SOURCE 

DF 

SUM  SQUARES 

MEAN  SQUARE 

F -RATIO 

REGRESSION 

3 

1 .4150^00 

4 . 7 1 67  1 

4 .1616E+1 

RESIDUAL 

3 

3.40025*2 

1.1334ff“2 

TOTAL 

fi 

1 . 4490fi*0 

R  SQUARE :  0.9765346449 

STD  ERROR :  0.1064605627 

COEFFICIENTS  T  STATISTICS 
‘2.9736  “4.1419 

0.208  5.135 

1.0298  5.458 

4.0495  3.4965 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 
N 

DURBIN-WATSON :  1.709393195 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X i  0.42 
RANGE  OF  Y;  ‘0.1  0.1 


O 


•  9 


51,3 


1 .906 

1 . 826269553 

0.070730U4743 

0.553 

0.5253347306 

0 . 03366526036 

1.435 

1.5258725 

"0 . 09087250010 

0.939 

1.00544866 

*0 . 06644860008 

0.51 

0.4095394704 

0.01046052056 

1 .243 

1 . 145123686 

0. 00787631386 

1.102 

1 . 1064114 

*0 . 06441130003 
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3C?\‘.St,V  •  • 


Z+S 2  REGRESS  ( ( ( 2**1 ) *2 ) **4 ) , ( 4 *X2 *1 t 2 ) , ( ( *3 **5 ) *14 2 ) 


/I  NO  VA 

SOURCE  DF  SUM  SQUARES  MEAN  SQUARE  F- RAT  10 

REGRESSION  3  1.5728500  5.2427E*1  3.76495+1 

RESIDUAL  3  4.17765*2  1.39255*2 

TOTAL  6  1.614650 

R  SQUARE :  0.9741257908 

52T  ERROR:  0.1180061862 

COEFFICIENTS  T  STATISTICS 
"2.5667  *3.2253 

0.2486  5.538 

0.8465  4.0476 

3.2114  2.5016 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARI ANCF, -COVARIANCE  MATRIX? 

N 

DURPIN-WATSONi  1.345852334 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  02 
RANGE  OF  Y :  *0.15  0.15 


52,  Z 


2.025 

1.11218 

0.612 

0.60651 

1.442 

1 .57142 

0.887 

0.95912 

0.502 

0 . 4  4  9  R  9 

1.115 

1 .05545 

1.126 

1 .15440 

1883  0,1128181174 

22656  0.005487734427 

2061  "0.1294220607 

45226  "0.07217452264 

76576  0 .05210234236 

1081  0.05954001311 

163  "0.02840162198 
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z<-s 3  REGRESS  <  (  (  2*?1 )  *2  )  * AT4  )  ,  (  4  »JT2*  1  ♦  2  )  ,  (  (  XZ  *X5  )  *1  ♦  2  ) 


A  NOVA 

SOURCE  DC  SUM  SQUARES  MEAN  SQUARE  F •RATIO 

REGRESSION  3  1.1663E00  3.8878ff“l  2.19062+2 

r^r  DUAL  3  5.3242ff“3  1.7747ff*3 

TO''-  6  1.1717/70 

.  SQUARE'.  0.3954558534 
STD  ERROR:  0.04212758929 

coefficients  t  statistics 

“*.9864  “10.5121 

0  .  8 9 9  11.8467 

0.9841  13.1807 

4.3479  9.4872 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
fi 

DURBi 1  -WATSoN:  2.841201446 

rC  YOU  WAN'S  TO  FORECAST  A  VALUE  FOR  X? 

It 

DO  YOU  WANT  T*  SCAT  RESIDUALS  VS.  PREDICTED  I? 

y 

RAN  OF  OF  X:  0.4  1.8 
RANGE  »a  ?!  *0.04  0.06 


S3.Z 


1.707 

1 . 719449471 

“0 . 01  244947073 

0.559 

0.5311134601 

0.02788653989 

1.49 

1.478253498 

0 . 0117465021 

0.977 

0 .9828400917 

”0.005840091717 

0.525 

0  .  55782026  19 

”0 .03282026191 

1.212 

1  .  167041473 

0 .04495852676 

1.137 

1  .  170481744 

"0. 3348174438 

z+s 4  REGRESS  (  (  (  2*£1)*2)*£4)  ,(  4*tf2*lt2)  ,  (  (Af3*Af5)*l*2) 


SOURCE  DF 
REGRESSION  3 
RESIDUAL  3 
TOTAL  6 


A  NOV  A 

SUM  SQUARES 
1 . 3894200 
1 . 99592*2 
1 . 409420 


MEAN  SQUARE 
4.63142*1 
6 .65292*3 


F -RATIO 
6 . 96152+1 


R  SQUARE'.  0.9858386487 
STD  ERROR :  0.08156517286 

COEFFICIENTS  T  STATISTICS 
“2.8327  “5.15 

0.2173  7.0017 

0.9526  6.5898 

3.8331  4.3199 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURPIN -WATSON :  1.598984712 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  I? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  Xi  0.4  2 
RANGE  OF  Y:  *0.1  0.1 


O 


I 


ft  9 


9 


S  4,2 


1.892 

1 . 326496706 

0. 06550329443 

0  .a77 

0 . 5548634763 

0 . 02213652372 

1.452 

1 . 527993736 

"0 . 07599373607 

0.931 

0 .9823250092 

“0. 05132500924 

0.51 

0 . 4972535752 

0. 012746 U 2481 

1.188 

1 . 118661263 

0 .06933873692 

1.12 

1  .16  240623  5 

"0. 04240623458 
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s+(  Hjrlii**!*?  ( .r3  ♦  ATS )  *1*2 ) 


Z+S 1  REGRESS  (.4*2)  ,5 


AROVA 

SOURCE  DF  SUM  SQUARES  MEAN  SQUARE  F -RATIO 

REGRESSION  2  1.4002500  7.0008£“l  5.7328F+1 

RESIDUAL  4  4.8B47ff"2  1.2212E~2 

TOTAL  6  1.449050 

R  SQUARE:  0.8662893666 
STD  ERROR :  0.1105068706 

COEFFICIENTS  T  STATISTICS 
“0.5151  “2.5324 

0.0172  5.5232 

2.2495  5.1911 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -CO  VARIANCE  MATRIX? 

N 

DURBIN -WATSON :  1.421375557 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.4  2 
RANGE  OF  Y:  “0. 2  0.15 


51 ,2 


1 . 9U6 

1  .  86U41334K 

0 . 041  586651  57 

0.559 

0.5684601973 

“0. 009468197349 

1.435 

1.498560859 

“0. 06356085924 

0.939 

1  .  09090087 

"0.  1  51  9808697 

0.51 

0.4885860395 

0 .021  41  396053 

1.243 

1 .105836002 

0.1371639983 

1.102 

1 . 0771  54684 

0. 02484531  594 
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z+s 2  REGRESS  (4*2) ,fl 


SOURCE  DF 
REGRESSION  2 
RESIDUAL  4 
TOTAL  6 


AN  OVA 

SUM  SQUARES 
1 . 5706E00 
4 . 4040£T2 
1 . 6146E0 


MEAN  SQUARE 
7 . 8  5  2  8ff“  1 
1.1010£~2 


R  SQUARE s  0.9727240819 
570  ERROR'.  0.1049280381 

COEFFICIENTS  T  STATISTICS 
“0.3978  “2.0597 

0.0221  7.4628 

1.7916  4.3542 

DO  YOU  WANT  A  PRINTOUT  OF  TRE  VARIANCE-COVARIANCE 
N 

DURBIN -WATSONx  0.9997641418 

DO  you  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

,7 

DO  you  WANT  TO  SCAT  RFS IDUALS  VS.  PREDICTED  Y? 

y 

RANGE  OF  X\  0  2 
RANGE  OF  y t  ”0.15  0.1 


O 


0 


S  2.2 


2.025 

1 . 962851577 

0 . 062148423 

0.612 

0.6349461589 

"0  . 0229461 5885 

1.442 

1 . 544925096 

“0.1028250961 

0 .887 

1.010161444. 

”0.1231614436 

0.502 

0 . 47076608 18 

0.03123191823 

1.115 

1 . C167B8829 

0.09821117103 

1.126 

1 . 06865881 4 

0.05734118627 

F-RATIO 
7 .1325E+1 


MATRIX? 


Z+S 3  REGRESS  (A*2),B 


A  NOV  A 


SOURCE  DF 
REGRESSION  2 
RESIDUAL  4 
TOTAL  6 


SUM  SQUARES 
1. 1370S00 
3 .4707ff“2 
1.1717S0 


MEAN  SQUARE 
5 .6848E,"l 
8.6768ff“3 


F-RA TIO 
6 ,5517m 


fl  SQUARE :  0.9703776962 

STD  ERROR:  0.0931494911 

COEFFICIENTS  T  STATISTICS 
“0.4412  "2.5735 

0.0139  5.2997 

2.2448  6.1457 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN -WATSON:  1.890048191 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.4  1.8 
RANGE  OF  Y:  "0.15  0.1 


S3,  Z 


1.707 

1.752415297 

"0. 04541529724 

0.559 

0.5741186837 

"0. 01511868371 

1 .49 

1 . 436550027 

0 . 05344907335 

0 . 977 

1 . 111465189 

"0 . 1344651805 

0.525 

0. 533401179 

"0 . 008491 17901 

1 .212 

1.128312553 

0 . 08368744727 

1.137 

1 . 070647071 

0 . 06635202882 
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•  I 

f:  1 

i  X 
>' 


Z«-S4 

REGRESS 

U*2)  ,B 

AN  OVA 

SOURCE 

OF 

SUM  SQUARES 

MEAN  SQUARE 

F  -RATIO 

REGRESSION 

2 

1.3736500 

6.86815*1 

7.68175+1 

RESIDUAL 

4 

3. 57635“2 

8 , 94075*3 

TOTAL 

6 

1.409450 

R  SQUARE)  0.974624903 
STD  ERROR s  0.09455552257 

COEFFICIENTS  T  STATISTICS 
“0.4544  “2.6107 

0.018  6.7579 

2.0873  5.6295 

DO  YOU  WANT  A  PRINTOUT  Of‘ THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURRIN -WATSON)  1.289508585 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 


1 


Z<-Sl 

REGRESS 

U*4) 

A  NOV  A 

SOURCE 

DF 

SUM  SQUARES 

MEAN  SQUARE 

F-RATIO 

REGRESSION 

2 

1. 3977200 

6 . 9  88  32~1 

5 . 44272?+! 

RESIDUAL 

4 

5 , 135  82‘2 

1,2840ST‘2 

TOTAL 

6 

1.449020 

R  SQUARE:  0,9645561693 
STD  ERROR:  0.1133120641 

COEFFICIENTS  T  STATISTICS 
“0.3209  ‘1.4751 

0.0003  5,3693 

2.2773  5.1505 

DO  YOU  WART  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 
N 

DURR  IN-WATSON :  1,425988595 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.4  2 
RANGE  OF  Yi  “0.2  0.15 


.v  < 


I 

I 

I 


J 

i 


i 


if 


•3 


1.906 

1 .318834276 

“0.0128342755 

0.559 

0.5291614045 

0.02083859555 

1.435 

1 .436167939 

“0.001167838731 

0.939 

1  .098222  515 

“0.1502225153 

0.51 

0.56889458 

'0.0588^458 

1.243 

1  .119243692 

0 . 1237563075 

1.102 

1.023475694 

0 .07852430642 

iaa6aiiS5B^teiifcS 


Z-S 2  REGRESS  (A«H),R 


A  If  OVA 


SOURCE  DF 
REGRESSION  2 
RESIDUAL  4 
TOTAL  6 


SUM  SQUARES 
1.5681ffOO 
4. 6522E"2 
1.614620 


MEAN  SQUARE 
7.8404£“l 
1 ,1630ff"2 


F-RATIO 
6 .74120*1 


R  SQUARE:  0.971186688 
STD  ERROR:  0.1078446125 

COEFFICIENTS  T  STATISTICS 
“0.148  “0.7147 

0.0003  7.2462 

18252  4.3374 

DO  YOU  WANT  A  PRINTOUT  Of' THE  VARIANCE -COVARIANCE  MATRIX? 
N 

DURBIN -WATSON:  0.9632304298 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.5  2.5 
RANGE  OF  Y:  “0.15  0.15 


0 


« 


S2.Z 


2.025 

2.033437915 

‘0.008437915356 

0.612 

0 .5847001608 

0 . 02729983023 

1.442 

1 . 464986906 

*0.02298690615 

0.887 

1 . 01900929 

‘0.1320092898 

0.502 

0. 5737141215 

"0.07171412153 

1.115 

1.033515936 

0 .0814840643 

1.126 

0 . 9996356707 

0.1263643293 
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Z+S3  REGRESS  (4*4),/* 


ANOVA 


SOURCE  DF 
REGRESS  TOR  2 

RESIDUAL  4 
TOTAL  6 


SUM  SQUARES 

i .  uoaffoo 

6 . 08605“2 
1.171750 


MEAN  SQUARE 
5 . 5  5405” 1 
1 . 5215ff“2 


F -RATIO 
3 . 65035+1 


R  SQUARE:  0.9480564833 
STD  ERROR:  0.1233493159 

COEFFICIENTS  T  STATISTICS 
“0.3001  “1.2674 

0.0002  3.7813 

23164  4.8127 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN -WATSON s  1.810947154 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.4  1.8 
RANGE  OF  Y:  “0.2  0.15 


S3, 7. 


1.707 

1 . 777880095 

0 . 0709  ROO'i  5  1  5 

0.559 

0 . 5379092577 

0. 02107074234 

1  .  49 

1 . 981032527 

0 . 1089674727 

0.977 

1 .129032676 

"0.1510326762 

0.525 

0.6005207403 

"0.07552074029 

1.212 

1.150628278 

0.06137172232 

1.197 

1 . 030996426 

0 .1060035743 

Z+S 4  REGRESS  (,4*4)  ,R 


A  NOV  A 

SOURCE  DF 

SUM  SQUARES 

MEAN  SQUARE 

F -RATIO 

REGRESSION  2 

1. 3622S00 

6.81 Q85”l 

5.77095+1 

RESIDUAL  4 

4 . 7  20  8ff ”2 

1.18025”2 

TOTAL  6 

1 . 409450 

R  SQUARE s  0.9665043003 

STD  ERROR s  0.1086369388 

COEFFICIENTS 

T  STATISTICS 

”0.2553 

”1.2243 

. 

0.0003 

5 . 7989 

2.1296 

5.0238 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX? 
N 

DURR  IN -WATSON:  1.336659174 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X :  0.4  2 
RANGE  OF  Y:  **0.15  0.15 


54, Z 


1.892 

1.919478335 

“0. 02747833468 

0.577 

0 .5502736899 

0. 02672631014 

1.452 

1 . 430344515 

0.02165548527 

0.931 

1 . 077893149 

"0. 1468931486 

0.51 

0. 5785205106 

"0. 06852051962 

1.198 

1 . 097063809 

0.0909361912 

1.12 

1 . 016425993 

0.1035740072 

AA+(X l»4)x((i*X2)*l  +  4)x((lt;rS)*l  +  5) 

fls^(nxA)tin 


Z+Sl  REGRESS  (AA*2)tBB 

ANOVA 

SOURCE  DF  SUM  SQUARES 

MEAN  SQUARE 

F-RATTO 

REGRESSION  2  1.4223500 

7. 11155"l 

1 . 06545+2 

RESIDUAL  4  2.67015"2 

TOTAL  6  1.449050 

R  SQUARE :  0.9815729219 

STD  ERROR :  0 . C8i70225859 

COEFFICIENTS  T  STATISTICS 

“1.4131  “4.0925 

2.0433  14.3735 

0.4585  4.6665 

6. 67535“ 3 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE 
N 

DURB IN -WATSON \  2.56431262 

MATRIX? 

DO  YOU  WANT  TO  FORECAST  A  VALUE 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS 
Y 

RANGE  OF  Xi  0.4  2 

RANGE  OF  Y:  “0.05  0,15 

FOR  Y? 

.  PREDICTED  Y? 

o 


o 


•  o 


1 

1 

1 

0 

0 

0 

51  ,Z 

0 

1.906 

1.947833977 

"0, 9103307746 

0.559 

0.5623501076 

"0. 003350107601 

1.435 

1 . 423102667 

0. 01180733331 

0.939 

0. 97^8221447 

"0.03882214471 

0.51 

3.5573728049 

"0. 04737280489 

1  .243 

1 . 00386579 

0.14313421 

1.102 

1.125652500 

"0. 02 3 65 2508 67 
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z+s 2  REGRESS  (AA*2).BB 


SOURCE  DF 
REGRESSION  2 
RESIDUAL  4 
TOTAL  6 


ANOVA 

SUM  SQUARES 
1. 5997E00 
1 . 4849£f  2 
1.614620 


MEAN  SQUARE 
7 ,9987B"l 
3.71212*3 


F ‘RATIO 
2 » 1 S48S  +  2 


R  SQUARE :  0.9908035651 

STD  ERROR i  0.06092725545 

COEFFICIENTS  T  STATISTICS 
"1.6193  “6.289 

2.1716  20.4843 

00  YOU  fM/riw  PRINTOUT  OF  THE  VARIANCE -COVARIANCE  MATRIX ? 

DURBIN -VATS ON i  1.427333649 

00  YOU  WANT  TO  FORECAST  A  VALVE  FOR  Y? 

00  yOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 


r 

RANGE  OF  X:  0.5  2 
RANGE  OF  Yl  '0.1  0.1 


S2,2 
2.025 
0.612 
1.442 
0 . 887 
0.502 
1.115 
1.126 


1 ,098140785 

0.528002131U 

1 , 448145766 

0.96349U1807 

0. 5303481005 

1.10117381 

1.139695226 


0.02685901544 
0 . 08379786856 
"0.06145766US5 
"0. 0784^418068 
"0. 07834810046 
0 . 01  3  R?638'»*6 
"0 . 01367522607 
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Z+S 3  REGRESS  ( AA*2)  ,BB 


ANO  VA 

SOURCE  DE  SUM  SQUARES  MEAN  SQUARE  E-RATIO 

REGRESSION  2  l.llflfiffOO  S.5928F"l  4.2128E+1 

RESIDUAL  4  5 , 31 02?” 2  1.3276ff”2 

TOTAL  6  1.1717E0 

R  SQUARE:  0.9546777374 
STD  ERROR:  0.1152196689 

COEFFICIENTS  T  STATISTICS 
”1.3502  "2.7728 

1.827  9.1131 

0.4724  3.4094 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 

N 

DURD IN -WATSON :  2.214813524 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.4  2 
RANGE  OF  I:  "0.15  0.15 


S3.Z 


1.707 

1 . 326353334 

"0.1193533338 

0.559 

0 .5962340039 

"0.03723408393 

1 . 49 

1 . 306023981 

0. 1039760191 

0.977 

0.9449404918 

0.0320595082 

0.525 

0 .6204937106 

”0. 09549371057 

1.212 

1 . 084050349 

0.1279496514 

1.137 

1 .14890405 

"0.01190405034 
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2 ■♦■54  REGRESS  ( AA*2) tPP 


A  NOV  A 

SOURCE  DF  SUM  SQUARES  MEAN  SQUARE  F -RATIO 

REGRESSION  2  1.3937500  6.96835*1  1.77485+2 

RESIDUAL  4  1.57055*2  3.92625*3 

TOTAL  6  1.409450 

R  SQUAREl  0.9888569863 
STD  ERROR s  0.06265913215 

COEFFICIENTS  T  STATISTICS 
*1.4693  “5.5487 

2.0289  18.6091 

0.4784  6.3486 

DO  YOU  WANT  A  PRINTOUT  OF  TRE  VARIANCE -COVARIANCE  MATRIX? 

N 

DURPIN-WATSON \  2.645165667 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X‘.  0.4  2 
RANGE  OF  r :  *0.1  0.1 


O 


54,2 


1.892 

1 .931289602 

"0. 0392R960226 

0 .577 

0. 5588261138 

0. 01 817388625 

1.452 

1 . 420953553 

0. 03104644683 

0.931 

0 . 9629232927 

“0 . 031^232^269 

0 .51 

0 . 5645143817 

*0. 0545143R1 73 

1.188 

1 . 095206397 

0.09279360326 

1.12 

1 .13628666 

“0. 0162866  5.9  66 
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Z+S 1  REGRESS  (AA*2\2)tBB 


AN  OVA 

SOURCE  DF  SUM  SQUARES  MEAN  SQUARE  F-RATIO 

REGRESSION  2  1.4296000  7.14780*1  1.46970+2 

RESIDUAL  4  1.94530*2  4.86330*3 

TOTAL  6  1.449000 

R  SQUARE :  0.986574787 

STD  ERROR:  0.06973750666 

COEFFICIENTS  T  STATISTICS 
*1.7842  *5.7754 

2.3688  16.8837 

0.4622  5.5072 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVAPTANCE  MATRIX? 

N 

DURBIN -WATSON  x  2.304473244 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X:  0.4  2 
RANGE  OF  Y:  *0.1  0.15 


-2 


S\,Z 


1.906 

1 . 904334068 

0 . 001665932428 

0.559 

0. 555  5183395 

0. 003481660541 

1.435 

1 . 44897533  5 

*0.01397533464 

0.939 

1 . 004620418 

*0.0656204184 

0.51 

0.506383762 

0.003616238014 

1.243 

1.12879516 

0.  1  142048403 

1 .102 

1  .  14537291  8 

*0.04337291824 
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Z+S2  REGRESS  ( AA *3 *2  )  ,BB 


SOURCE 

DF 

A  NOVA 

SUM  SQUARES 

MEAN  SQUARE 

F -RATIO 

REGRESSION 

2 

1. 5867POO 

7 .9335E"1 

1.1373E+2 

RESIDUAL 

4 

2. 7904ff“2 

5 . 97  60E*  3 

TOTAL 

6 

l  .6146^0 

R  SQUARE :  0.9827177035 

STD  ERROR :  0.08352232771 

COEFFICIENTS  T  STATISTICS 

*1.9881  “5.3731 

2,5003  14,88 

0,5029  5,0031 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 
N 

DURBIN-WATSON'.  1  .  361783889 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  Xi  02 
RANGE  OF  Y s  “0.15  0.1 


i.  %  u 

2.025 

1  ,  946574227 

0.07842577321 

0.612 

0  .  5249410664 

0.08705893358 

1 .442 

1 . 472866743 

'0 . 03086674309 

0.887 

0. 9035040053 

“0 . 1065040853 

0,502 

0 ,4709842648 

0 . 02201573524 

1,115 

1.131788352 

'0.01678835242 

1.126 

1 .159741261 

'0.03334126125 
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Z«-S3  REGRESS  (  AA*3*2)  ,BB 


A  NOV  A 


SOURCE  DF 
REGRESSION  2 
RESIDUAL  4 
TOTAL  6 


StfM  SQUARES 
1 . 1439000 
2. 7742ff"2 
1.1717S0 


MEAN  SQUARE 
5 ,7196!?“  1 
6.9355ff‘3 


F- RATIO 
8 . 246yF+l 


H  SQUARE :  0.9763226687 

STZ?  ERROR-.  0.08327937299 

COEFFICIENTS  T  STATISTICS 


1.71  "4.6349 

2.1366  12.7524 


0,4811  4,8 

0(7  rtfl/  /t  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 

N 

DURBIN -WATSON :  2.22229438 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  TO  SCAT  RESIDUALS  VS.  PREDICTED  Y? 

Y 

RANGE  OF  X\  0.4  1.8 
RANGE  OF  Y j  "0.1  0.15 


i 

\ 


O 


0 


S3 ,3 


1 . 707 

1 . 793256787 

"0.08625678731 

0 .559 

0 .5855634384 

"0. 02656343842 

1  .49 

1 . 41217254C 

0,07782746396 

0.977 

0.0672395632 

0. 009^60436753 

0.525 

0.5707474942 

"0 . 04574749424 

1.212 

1.110058275 

0 .1  0194172  51 

1.137 

1. 167961896 

"0. 0309618058 
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Z"-S 4  REGRESS  (44*342), BE 


A  NOV  A 

source  nr  sun  squares  mean  square  f-ratio 

REGRESSION  2  1, 3999*00  6.9994F"l  2.94745+2 

RESIDUAL  4  9.49905“3  2.37485*3 

TOTAL  6  1.409450 

R  SQUARE i  0.993260107S 
STD  RRRORi  0.04873147146 

COEFFICIENTS  T  STATISTICS 
"1.8366  "9.5076 

2.3512  23,9822 

0.4818  8.2156 

DO  YOU  WANT  A  PRINTOUT  OF  THE  VARIANCE-COVARIANCE  MATRIX? 

N 

DURBIN -WA TSON :  2.36840413 

DO  YOU  WANT  TO  FORECAST  A  VALUE  FOR  Y? 

N 

DO  YOU  WANT  1‘0  SCAT  RESIDUALS  VS.  PREDICTED  Y ? 

Y 

RANGE  OF  X\  0.4  2 
RANGE  OF  Y:  "0.06  0.08 


O 

O 


54,3 
1 . 892 
0 .577 
1.452 
0  .931 
0 .51 
1  .188 
1.12 


1.887845824 
0 .5522400586 
l . 446511 786 
0 . 9896040021 
0 . 5140669951 
1.123324751 
1  .  155  8054R3 


004154175^18 

02475904142 

005480013759 

8860400209 

004066905139 

06407524805 

03580548282 


APPENDIX  D 


NORMALITY  PLOTS 

"All  Possible  Subsets  Regression"  was  applied  to  the  best 

equation,  number  ((13)),  to  check  the  assumption  about  the 

residuals  being  normally  distributed  with  mean  zero  and 
2 

variance  a  .  BMDP9R  [7]  was  used  as  program  package. 

Figures 8  through  11  show  normal  probability  plots  for 
standardized  residuals  for  Groups  1  through  4.  If  the 
assumption  about  normality  was  met,  the  standardized  resi¬ 
duals  versus  the  expected  normal  values  would  follow  a 
straight  line.  This  is  however  not  the  case  for  either  of 
the  four  groups. 
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mcrx  r>2?>oz  onunm'oxm 


NORMAL  PROBABILITY  PLOT  FOR  STANDARDIZED  RESIDUALS 


Normal  Probability. Plot ,  Group  1 
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mcrj><  r>s»oz  onHOm-oxm 


mcrx  i—j» jCjooz  om-40m'oxm 


NORMAL  PROBABILITY  PLOT  FOR  STANDARDIZED  R 6S I OUALS 


1.3  + 

1.2  * 

.90  ♦ 


Figure  10 

Notmal  Probability  Plot,  Group  3 
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mcrx  r>xsoz  afn-tom-oxm 


NORMAL  PROBABILITY  PLOT  FOR  STANDARDIZED  RESIDUALS 


Normal  Probability  Plot,  Group  4 
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Another  interesting  question  answered  by  "All  Possible 
Subsets  Regression"  was:  which  one  of  the  independent 
variables  gave  the  most  weight  to  the  regression  analysis? 

For  candidate  model  number  ((1)),  the  untransformed  data* 
kill  probability,  X^,  and  maximum  range,  X2>  gave  the  highest 
weight  for  all  four  groups,  with  missile  price  as  the  third 
highest  weighted  variable.  Reaction  time,  X^,  and  average 
missile  s.peed,  X4,  were  both  removed  from  the  "best"  subset 
in  all  four  groups.  So  also  was  Xj.  for  the  expert  group 
(number  3).  Out  of  all  possible  subsets  for  all  four  groups, 
Group  2  using  independent  variables  X^,  X2  and  X5  gave  the 
overall  best  result  with  an  Mallows’  Cp  *  2.87  [8;  pg.  532], 
which  is  close  to  the  ideal  value  3.00.  For  further  details 
see  Table  15. 

The  same  procedure  was  applied  to  the  data  transformed 
by  the  best  equation  using  Group  4  as  an  example.  In  this 
case  the  "best"  subset  gave  a  result  almost  identical  to 
that  one  obtained  by  "REGRESS";  see  Table  16  for  details. 


Table  15 


ft  <i 


C: 


Statistics  for  Bost  Subset  for  Candidate 
Model  Number  ((1)) 

Group  1 : 


STATISTICS  FOR  *  BEST*  SUBSET 
MALLOWS*  CP 

SQUAREO  MULTIPLE  CORRELATION 
MULTIPLE  CORRELATION 
ADJUSTEO  SQUAREO  MULT.  CORR. 
RESIDUAL  MEAN  SQUARE 
STANDARD  ERROR  OF  EST. 

F*  STAT  1ST  IC 
NUMERATOR  DEGREES  OF  FREEDOM 
DENOMINATOR  DEGREES  OF  FREEDOM 
SIGNIFICANCE 


0 

0 

0 

0. 

0. 


variable 
NO.  NAME 


coi^fcfeNt 


.9^658 

rlllil 

011002 

104892 

41.70 

3 

3 

0.0060 


STANDARD 

ERROR 


INTERCEPT 

1  XI 

2  X2 

5  X5 

-0.798151 
2.79295 
-0.0203927 
0.4980940-06  0. 

0.625964 

0.749150 

0. 00553846 
241851D-06 

stand. 

COEF. 

T- 

STAT. 

2TAIL 

SIG. 

TOL¬ 

ERANCE 

CONTRIBUTION 
TO  R-SQUARED 

-t.  647 
0.495 
-0.424 
0.  >33 

-1.28 
3.73 
-3 .68 
2.06 

0.292 

0.034 

0.035 

0.132 

0.442672 
0.589101 
0  *609721 

0.108504 

0.105835 

0.033112 

I£6,,£9tlTRJ89TlON  T0  ^-SQUARED  FOR  EACH  VARIABLE  IS  THE  AMOUNT 

^Mg»l8HFSo^HAEReM§I§S  ™AT  VARIABU  W6R6 


k  i 
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Group  2 : 


STATISTICS  FOR  'BEST*  SUBSET 
MALLOWS*  CP  2.87 

SQUARED  MULTIPLE  CORRELATION  0.98052 

MULTIPLE  CORRELATION  0.99021 

ADJUSTED  SQUARED  MULT.  CORR.  0.96105 
RESIDUAL  MEAN  SQUARE  0.010483 

STANDARD  ERROR  OF  EST.  0.102385 

F-ST  ATI  STIC  50.34 

NUMERATOR  DEGREES  OF  FREEDOM  3 

DENOMINATOR  DEGREES  OF  FREEDOM  3 

SIGNIFICANCE  0.0046 


VARIABLE 
NO.  NAME 

INTERCEPT 
1  XL 


2 

5 


X2 

X5 


Rl 

COI 


-1.03218 

3.00518 

-0.0171122 

0.7586710-06 


STANDARD 

ERROR 

0.6L1004 
0.731245 
0. 00540609 
0.236071D-06 


STAND. 

COEF. 

-1.990 

0.498 

-0.332 

0.332 


T-  2TAIL 
STAT.  SIG. 


-1.69 

4.11 

-3.17 

3.21 


0.190 
0.026 
0.051 
0. 049 


TOL-  CONTRIBUTION 
ERANCE  TO  R-SQUARED 


0.442672 

0.589101 

0.609721 


0. 109654 
0.065051 
0.067055 


THE  CONTRIBUTION  TO  R— SQUARED  FOR  EACH  VARIABLE  IS  THE  AMOUNT 
BY  WHICH  R-SQUAREO  WOULD  BE  REDUCED  IF  THAT  VARIABLE  WERE 
REMOVED^ FROM  THE  R6GRE  SSI  ON  EQUATION. 
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Group  3 : 


STATISTICS  FOR  'BEST*  SUBSET 
MALLOWS'  CP 


SQUARE^' MULTIPLE  CORRELATION  0 

MULTIPLE  CORRELATION  0 

mmn  §§rMT-  corr-  o? 

STANDARD  ERROR  OF  EST.  D. 

F-STATISTIC 

NUMERATOR  DEGRESS  OF  FREEDOM 
DENOMINATOR  OEGREES  OF  FREEDOM 
SIGNIFICANCE 

0.57 

.96250 

.98107 

.94374 

010986 

104812 

51.33 

2 

0.0014 

VARIABLE 

NO.  NAME 

cR0  jmhhv 

STANDARD 

ERROR 

INTERCEPT 

L  XL 

2  X2 

-0.790969 

2.87949 

-0.0229680  0. 

0.56  5939 
0.647942 

0055  2599 

STAND.  T- 

COEF.  STAT. 

2TAIL  TOL- 

SIG.  ERANCE 

LuN  TR l  bUT  ION 
TG  K-SQUARED 

-1.7  90  -1.40 

0.  560  ‘♦.•♦4 

-0.524  -4.16 

0.235 

Q.OU  0.590861 
0.014  0 . 59086  L 

0.185173. 
0. 161974 

THE  CONTRIBUTION  TO  R-SQUARED  FOR  EACH  VARIABLE  IS  THE  AMOUNT 
BY  WHICH  R-SQUARED  WOULD  BE  REDUCED  IF  THAT  VARIABLE  WERE 
REMOVED  FROM  THE  REGRESSION  EQUATION. 


STATISTICS  FOR  ‘BEST*  SUBSET  „  , 
MALLOWS'  CP  2.47 
SOUAREO  MULTIPLE  CORRELATION  0*97476 
MULTIPLE  CORRELATION  „  0.98730 
ADJUSTEO  SOUAREO  MULT.  CORR.  0.94952 
RESIDUAL  MEAN  SQUARE  0.012192 

^MT?rR0FEST-  a-ima 

NUMERATOR  OEGREES  OF  FREEDOM  3 
DENOMINATOR  OEGREES  OF  FREEDOM  3 
SIGNIFICANCE  0.0068 


cgi^fgfis?  ST« 

INTERCUT  -0.t2|6|e  O.^J 

2  X2  -0.0216604  0.00583020 

5  X5  0.5185340-06  0.254591D-06 


STAND. 

T- 

2TAIL 

TOL¬ 

CONTRIBUTION 

CQEF. 

STAT. 

S1G. 

ERANCE 

TO  R-SQUARfcD 

-1.418 

0.470 

-1.06 

3.41 

0.368 

0.042 

0.442672 

0.097938 

-0.444 

-3.72 

0.034 

0 • 5891 Ql 

0.116136 

0.239 

2.04 

0.134 

0.609721 

0. 034904 
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THE  CONTRIBUTION  TO  R-SQUARED  FOR  EACH  VARIABLE  IS  THE  AMOUNT 
BY  WHICH  R-SQUAREO  WOULQ  BE  REDUCED  IF  THAT  VARIABLE  WERE 
REMOVED  FROM  THE  REGRESSION  EQUATION. 


Table  16 


Statistics  for  Best  Subset  for  the  Best  Equation, 
Candidate  Model  Number  ((13)),  Group  4 


STATISTICS  FOR  1  BEST1  SUBSET 
SQUARED  MULTIPLE  CORRELATION  0.99319 

MULTIPLE  CORRELATION  0.99659 

ADJUSTED  SQUARED  MULT.  CORR.  0.98978 
RESI DUAL  MEAN  SQUARE  0.002400 

STANDARD  ERROR  OF  EST.  0.048991 

F- STATISTIC  291.60 

NUMERATOR  OEGREES  OF  FREEDOM  2 

DENOMINATOR  DECREES  OF  FREEDOM  4 

SIGNIFICANCE  0.0000 


variable 

NO.  NAME 

INTERCEPT 

1  XI NEW 

2  X2NEW 


REGRESSION 

COEFFICIENT 

-1.84625 

2.35347 

0.484809 


STANDARD 

ERROR 

0.21 1266 
0.0986511 
0.0590142 


STANO. 

T- 

2TAIL 

TOL¬ 

CONTRIBUTION 

COEF. 

STAT. 

SIG. 

ERANCE 

TO  R-SQUARED 

-3.809 

1.124 

-8.50 

23.86 

0.001 

0.000 

0.767553 

0.969220 

0.387 

8.22 

0.001 

0.767553 

0. 1 1493 1 

THE  CONTRIBUTION  TO  R-SQUARED  FOR  EACH  VARIABLE  IS  THE  AMOUNT 
8Y  WHICH  R-SQUARED  WOULD  BE  REDUCED  IF  THAT  VARIABLE  WERE 
REMOVED  FROM  THE  REGRESSION  EQUATION. 
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